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PREFACE TO THE FOURTH EDITION 


In the Preface to the First Edition, published in 1926, we said, “This 
book has been -written primarily for use as a textbook of animal breeding- 
It treats the subject of breeding practice from the scientific standpoint 
in so far as this is possible at the present time. Breeding is an art to be 
learned only by practice, but knowledge of principles supplies the only 
firm foundation for its practice. Superior animals will be more numerous 
when breeders know why as well as how.“ 

Part of the Preface to the Second Edition, published in 1934, reads, 
“Great progress has been made in all three of the fields included in the 
scope of this book since its publication in 1926. In the field of reproduc- 
tive physiology significant discoveries have been made in matters pertain- 
ing to the endocrine control of sex manifestations as well as in those 
dealing with the maintenance of genital health and normal activity. 
Great forward strides have been made also in the science of geneites and 
new phases of this subject have been developed. These include among 
others the artificial induction of mutations by radiation or heat; the 
development of the theory of genic balance; and the cytological demon- 
stration of crossing over. The mechanism of transmission is now pretty 
thoroughly understood and the chromosomal interpretation of inheritance 
established beyond reasonable doubt. Of great significance, also, arc the 
awd polwts, vww th-a m art 

of breeding. Rules of thumb arc fast passing into the discard and breeders 
are now basing their operations on sound physiological and genetic 
principles.” 

The Preface to the Third Edition, published in 1942, is included in fvdl 
on the folloNNing pages. 

In the present revision, the basic organization remains as it has been 
from the start, viz., (1) a general introductorj' section, followed by scc^ 
lions dealing with (2) reproductive physiology, (3) genetics, and (4) 
selection. During the past eight j'cars, significant advances have l>oeTi 
made in all these fields: a broadened recognition of the fundamental 
aspects of animal agriculture together uith breed advancements, and 
shifting emphasis among tlio various classes of li\*cstock as indicated in 
Skiclion 1, Animals and ISInn Up to the Pres;nt; further unraveling of the 
iiitricate intcnictions of the hormonal regulation of sex manifcAtalioiH 
arul the widcspmnd U'-c of artificial insemination ns portrayed in Sectiorj 
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PRlf-ACI TO IJIh tOlRUl }I)UIO\ 

II Mechanisms of Reproduction, conlmuiiifi dchiie Uion nnd irfincmi-nt 
of the basic law s of inheritance and their application to h^ cstock improi c- 
ment as shown in Section III, Mechanisms of lIcrcdlt^ , and a concerted 
experimental attack on the problems and implications of the aanous 
systems of breeding as related to the mam function of animal breeding— 
more successful "election as demonstrated in Section IV, The Art of 
Breeding 

For ultimate success m creating more efficient and Ixiiutiful animals, 
one must possess an understanding of the basic principles undcrljing 
reproductive physiology and mhentance and then gather, interpret, and 
apply performance facts about his animals so that the hcreditarj deter- 
miners for desirable qualities may slowlj but surclj replace those for 
undesirable qualities nbw present m the germ cells of the animals cur- 
rently constituting his herd or flock 

It IS the authors’ hope th it this liook ma> provndc both the knowledge 
and the inspiration to accomplish this most worth-while and interesting 
ta^ 

IVe ate again indebted to man> friends, nuthora, and pubUshers for 
kindly criticisms helpful suggestions and permission to quote and to 
reproduce illustratnc materials We arc happj to acknowledge our 
special mdobtedness for helpful suggestions to Doctors B B Bohren and 
A E Bell and Professor 11 B Cooley of Purdue Uniiersity, Dr W A 
Craft of the Regional Swine Breeding Laboratory, Doctors J D i^ordby 
and C E Temll of the Regional Sheep Breeding Laboratory, and to 
Professor W A Cowan of the Umvcrsity of Maasachusetts 
Our very deep appreciation 13 hereby extended to Dr E J Warwick 
for his generous and penetrating suggestions throughout our labors and 
for his ivTllmgness to contribute the chapter on selection m meat animals 
For invaluable clerical assistance we wish to thank Mrs G R lluddc- 
forth and Mrs W A Cowan of Amherst Massachusetts and Mrs 
Thelma Boesch of Lafayette Indiana 

We shall always welcome constructive criticism 

VicTon Artiiuh Ricf 

I.IA.. rn>.Dii„cK Newco™ Andrfws 

Latayeto. Ind 
October 19o0 



PREFACE TO THE THIRD EDITION 

In the early history' of the I.and Grant Colleges there -svas an almost 
complete lack of technical agricultural science supported by experi- 
mental data, vnih. the result that ciuriculums wore built largely out of 
liberal arts materials. Today we have reached the other extreme with 
so much well-supported technical agricultural science data available 
that the student of agriculture has all too little time for liberal or cultural 
courses. JNIost agricultural students probably get a smattering of repro- 
ductive physiology in general courses in anatomy and physiology and a 
smattering of genetics in general courses in biology; but since the limita- 
tions of time so often prevent the inclusion of separate courses in repro- 
ductive physiology, animal hygiene, genetics, embryology, etc., and since 
the inclusion of all these courses would exclude just so many more cultural 
courses, the author has proceeded on the basis that undergraduate 
students in animal husbandry should have one complete course in animal 
breeding with reproductive physiologj% genetics, and the art of breeding 
brought together into one complete whole. Ho has also endeavored to , 
make this something more than just a technical book on breeding by 
giving a bit of the historical background involved and by indicating 
some of the broader implications of the place of man and his animals on 
this planet; but he has tried to leave to the leader the matter of drawing 
philosophical deductions. 

This book is comprised of four sections. Section I begins with the 
present status of animal breeding and then traces it back to its probable 
beginnings. The origins of both man and his animals arc investigated, 
as well as the broader aspects of the evolutionary’^ process that apparently 
brought both into existence. 

Section II deals with the processes involved in the physiology of 
reproduction both from the scientific and the practical angle. The 
breeder should be acquainted with the normal functioning of the genital 
systems in order that his liords and flocks may bo maintained at a high 
level of reproductive efiicicnc3'. 

.Section III is devoted to a stiidj- of the principle.s of liorcditj'. TIio 
various Ij’pes of behavior of the ehromasomes and geno.s, pas.«od on to 
eacli now individual hy means of tho genu cells of its parents, in the 
perTH'tuution of anccstnd trait.s or tho crt'ution of variations from the 
older patterns, uro considorcnl in some detail. Although the cHrw't 
manifestations of many of these principles which arc e.\plicitly detailed 
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m lower organisms are difficult or unpcKSible of exemplification m the 
higher species, it is a ^ irtual certainty that the> are at w ork Therefore 
a full understanding of the basic principles is necessarj if the breeder is 
to handle, m the most intelligent and profitable manner, his practical 
problems of selection 

Section IV is dci oted to what is often called the art of 'breeding, which 
may bo summed up m one word sdechon This term has both a present 
and a future connotation, since a breeder is constantlj selecting from 
among the best animals making up his herd or flock on the basis of their 
pedigrees and performance, and he is also anticipating future selection 
by planning matings to create new animals of a preconceived pattern 
Selection, therefore, imoKos the various systems of breeding both 
among related and unrelated indiv iduals In the final chapter the reader 
can glance backward over the trail that animal breeders and scientists 
ha\o blazed and look forward to try to foresee “the shape of things to 
come “ 

It la the author’s hope that this book xvill be stimulating and helpful 
to students of breeding both in classrooms and on livestock farms 
Manj frionds have assisted the author m the preparation of this book, 
among them Drs H H Plough and Charl<» L Sherman of Amherst Col- 
lege, Dr Harrj L Shapiro of the American Museum of Natural History, 
New York, Mr Bradford Knapp, Jr , of the Bureau of Animal Industry, 
Washington D C , and Drs G Chester Crampton, John B Lentz, 
Trank H Hays and Mr Floyd Johnson of the hlassachusetts State Col- 
lege Special thanks are due Dr F N Andrews of Purdue University, 
Dr ArthurB ChapmanoftheUniversityof\Visconsm,andDrs HughC 
ISIcPhee, Ralph W Phillips, and Ralph G Schott of the Bureau of 
Animal Industry, Washington, D C , for their suggestions and construc- 
tive criticisms The author js also greatly indebted to Mr Talcott 
Edmmistcr for assistance in reading proof, and to Miss Evelyn Day, who 
in some ingenious manner deciphered the original manuscript and put it 
through a typewriter 

The author is indebted to Prof R A Fisher and to Messrs Oliaer &. 
Bojd, of Edinburgh for permission torepnnt Tables 29 and 31 from their 
book Statistical Methodsfor Jiesearch Borjtcrj, 8th edition (1941) 

Grateful acknowledgment is also made to various authors and pub- 
linhcra for permission to use certain of their materials 

If the reader is curious as to the sources of the ideas herein expressed, 
he maj disco%cr them in groat measure through consulting the refer- 
ences listed at the cIo«o of each chapter 

Vviirtwr, Mam. Vicrrou AnTnun Ricr 

March, 1012 
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An arli«t, modelmR m plafilic clay or conjunnR with marble, 
brings forth a conception that the world acclaims a tniiinph 
He deals, however, with his materials direct, and they respond 
instantly to his slightest touch, as he toils toward a precon- 
ceived ideal Tliere is no resistance to his manipulations 
AVbat, then, should tic our estimate of the work of one who 
has first to conceive the figure m hts brain, whose onl> tools 
are the laws of heredity, selection, inbreeding, outcrossing and 
alimentation , whose only matcnals arc flesh and blood, unap- 
proachable except bi indirection, who battles ever agaiast the 
stubborn forces of atavism or reversion to ancestral forms, 
who seeks, and succeeds in producing a creature pulsating with 
life, exquisitely fashioned, dow n to the minutest detail, not only 
a thing of beauty in itself — which artists try, sometimes with 
ill success, to reproduce on canvas or m bronze— but a creation 
that serves as well the highest utJitanan purpose? 

The breeder of animals (or plants) directs the spark of life 
itself The possibilities of his art arc almost mfimte — A H 
SvNDERS 

The fvATIONAL OEOOItArtKC Maoazihb 
Uectmbtr, I92o 



SECTION I 

Animals and Man Up to the Present 

CHAPTER I 

ANIMAL BREEDING— PRESENT AND PAST 

Successful animal breeding depends primarily on the proper choice of 
parents for the next generation. The A, B, C’s of it are, therefore, 
Ancestors Better Chosen. Since any farm animal arises from the union 
of one egg and one sperm, we can epitomize the whole problem by saying 
that whenever better eggs are fertilized by better sperm, we will have 
better animals — and there is absolutely no other way to get them. So, it 
is apparent that the breeder’s task is that of ascertaining as precisely as 
possible what the germ cells of his animals contain in the way of hereditary 
determiners of potentialities for the next generation. To Icnow the details 
of the workings of the reproductive organs as they perform their two 
functions of (1) bridging the gap between the generations and (2) setting 
up the specifications for the next generation is quite obviously tho 
breeder’s first task. Fortified with this basic knowledge, ho can then 
tackle his second job of dovetailing systems of breeding and selection 
into a more e£5cient tool for creating improved livestock. 

Animal breeding is one of the largest industries in the United States. 
The total national income in 1948 was 244.4 billion dollars. Farm 
income was 31 billion, and of this, 17.4 billion was income from livestock 
and livestock products, Ammals of some type are to be found on about 
90 per cent of our farms in the United States. Livestock breeding 
involves nearly 200 million farm mammals, 700 million poultry and other 
birds, in addition to an innumerable host of dogs, cats, white rats ; also 
foxes, ferrets, and other fur bearers, not to mention among others guinea 
pigs, guppies, and goldfish. Animal breeding for some is a hobby, but 
many thousands of people depend upon it for their livelihood. In terms 
of food, clothing, and the maintenance of soil fertility, every person in tho 
United States has a stake in its success. 

Hobbyist and realist arc trying inmost instances to shape the external 
form of their animals according to some preconceived plan and at tho 
same time to include within this desirable exterior form some comlnnation 
of mental and phy.siologicul clmractcrs that will have a higli commercial or 
1 




amount of milk of a high quality o\er a lengthy penod The sheepman 
wants quality and quantity in both carcass and wool; the hog man aa 
much high-quahtj pork as he can get from each sow in his herd each j ear 
The dog fancier wants looks, smartness, compamonabilitj , and sometimes 
utility. All of them want docditj, longevitj, freedom from disease, 
regularity of breeding, etc 

Can these ^ anous combmations be had m single animals? The ansn er 
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obviously IS “yes” because w e have had such animals in the past and have 
some of them today Can we so breed our animals that they not only 
will have these desirable combinations of qualities but also i\ill be able to 
pass them on to their offspring? The procedure for accomplishing the 
latter purpose is now loioivn, and the purpose of this book will be to 
demonstrate the pnnciples underlying reproduction, hereditaiy trans- 
mission, and variation and to show how selection involving the various 
systems of breeding can be made to yield certain definite results 
Livestock Trends in the United States. — In Table 1 will be found an 
enumeration of the various farm mammals over the past 70 years It is 
obr lous from Table 1 that mechanical pow or has rapidly been supplanting 
horse and mule power since 1920 Whether machines will entirely sup- 

Table 2 — ^ToTAcNuMBcns and Vaotje ofTaiiu Mammals and Human Population, 
United States, 1880-1949* > 


Year 

No of all farm 
livestock 

Value of all farm 
livestock 

Human population, 
United Stalest 

1880 

120,990,000 

$ 1,576 030,520 

50,156,000 


105,280,000 

2,418,774,100 

02,948,000 

IDOO 

170,315,000 

2,581,751,910 

76,994 000 


178,355,000 

4,049,803,610 

91,972,000 

1920 

190,875,000 

7,383,500,200 

105,711,000 


185,404,000 

5,995,084,080 

122,776,000 


196,491,000 

4,904,307 000 

131,669,000 

1949 

175,871,000 

13,893,782,000 

147,000,000t 


* lIorsM mules cattle sheep swinc 
t To even tbousaails 
t Cstiui&te 

plant horses and mules as poner units, the future will tell Only from 
onc-fourth to one-half as many ^\ork horses and mules are being produced 
as ould be needed to maintain their numbers On the other hand, there 
seems to be a grow mg interest in the horse for pleasure purposes Dairy- 
cattle numbers have shoiNn a steady increase over the last 70 years 
Meat animals have had a slight actual increase and, in addition, they now 
mature more rapidly than formerly, the quicker turnover actually mean- 
ing more product from a given number of animals Many factors, of 
course, influence the numbers of animals kept on farms from year to year 
The magnitude of the total value of American livestock and the mcager- 
nc‘*s of the average value stand in marked contrast to each other. Both 
of the^ie points indicate opportunity for the livestock breeder 

Table 2 shovs the trend m total numbers and total value of farm (ivo- 
htock m the United States by decades for the past 70 j cars and the trend 
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m human population It shoM s tlint the lirceihnR ol lit ( sloth it one of 
the most important tj pcs of cnilcaaor m this countrj 


Tabu 3— Auction sau Piiic*so» Pim»nFD Cattie 


"Breed 

1920 

1921 

El 

1932 

1936 

1910 

1011 

1918 


$359 

$121 

$181 

$108 

$156 

$116 

$196 

$321 


508 

3S0 

331 

1C2 

2o2 

225 

35S 

415 


372 

102 

218 

103 

164 

173 

327 

139 


354 

20C 

211 

12G 

161 

147 

25! 

373 


705 

150 

170 

lOG 

161 

200 

330 

533 


4K> 

133 

210 

103 

151 

195 

317 

497 

Shorthorn 

603 

160 

192 

lOl 

137 

171 




Table 4 — ^fILK asd tAT P/iootcriov of Ptrer Drj ros* 


Brcctl 

No of 
records 

Av No 
of day s 

A\ pounds 
of milk 

\v pounds 
of fat 

llolstcm (AR) 

CO 375 

315 

16 440 

570 0 

Holstein (HIT) 

220,195 


11 213 

3J1 4 

Brown Swiss (ROP) 

1,320 

305 2X 

10 341 57 

421 03 

Brown Swiss (ROP) 

691 

1 305 3X 

11,901 03 

483 73 

Brown Swus (ROP) 

897 

1 305 2X 

11 626 02 

474 33 

Brown Swiss (HOP) 

1 337 

1 365 3X 

13 752 34 

551 85 

Drown Swiss (Hill) 

14,132 

305 2X 

0,159 78 

362 84 

Brown Swiss (IHR) 

999 ' 

305 3X 

11,653 4 

4C4 88 

Guernsey 

22 361 

3C5 

11,014 

541 

Guemscyt 

3 351 

30o 3X 

9,723 

470 

Gucmscyt 

17 420 

30o 2X 

8,030 

390 

Guernsey (HIK) 

50 240 


8 159 

306 

Dutch Belted 

100 

305 

10 844 32 

414 00 

Devon 

46 

365 

7,484 4 

339 99 

Red Poll 

1 915 


8 692 88 

373 88 

Jersey (IHR) 

22 385 


7,070 

374 

Ayrshire t 

10 118 


9 8t6 

401 

Milking Shorthorn 

22 580 

348 

8 972 

3o7 08 

American Dairy Cattle Club 

1 985 

305 

10 584 

437 


* Kew England Homeetcad Spnngficid Maas 8«pt 2t 1949 

t earned calf 175 daya or more oi record Guernsey AU averages oE records completed during last 


t Ayrshire Assoc at on has diseont nued eomput ng records on a herd test yearly basis. The r 

Value of Purebred Animals —Table I shows the low \ aluc of the a\ er- 
age animal in each class let us look at the brighter, upper side of 

the picture Table 3, for example gives some auction-sale prices of pure- 
bred cattle 
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On the average the monetary value of purebreds always exceeds that 
of grade animals. It is sometimes argued that grades are practically as 
good as purebreds, and the fact that the grades generally owe their desir- 
able qualities to the “blood*’ of registered animals is entirely overlooked. 
In commercial production, grade animals will probably always fill a very 
important place, but they will probably continue to depend on the pure- 
bred for their improvement, although this is not necessarily so. Actually, 
less than 5 per cent of the animals in any class are purebred and registered. 
The great bulk of our animals are unregistered purebreds or grades. The 
purebred breeder, therefore, faces a great and continuing challenge in 
planning his breeding operations so that he will be producing sires which 
are capable of improving grade herds. The practice of artificial breed- 
ing, now gaining so rapidly in dairy-cattle operations, should be a great 
boon to the commercial producer, since if properly organized and admin- 
istered, it should remove one of the stumbling blocks to his progress, 
namely, that of securing better sires. 

Table 4 gives some production figures for the various breeds of daity 
cattle. 

Still another aspect of the possible rewards in the purebred business 
is shown by the following tabulation of some auction-sale record prices 
for livestock. 

Aux^^rB Auction Records* 

Aberdeen-Angus — male, Prince Eric of Sunbeam, $40,000; female, Erianna h. 
Gth, $25,000. 

Ayrshire — male, Netherhall Swanky Dan, $20,000; female, Low Milton Quecn 
ol Heads, 

Brown Swiss — ^male, Colonel Horry of Judd’s Bridge, $23,500; female, Jam^s 
Chloe of Judd’s Bridge, $11,500. 

Giiernscy — male, Gardcnville Coronation King, $45,000; female, Shuttlewiok 
Levity, $25,000.' 

Hereford — male, WHR Helmsman 89th, $01,000; female, WHR Lady LiU 
15th, 3769212, $20,000. 

Holstein-Fricsian — male, Prince Aggie of Beryh^od, $110,000; female, Pab%t 
Korndyko Cornflower, $30,000- 

Jerscy— male, Sybil’s Gamboge, $05,000; female. Wonderful Dreaming Givia 

$ 21 , 000 . 

Polled Hereford — male, AFL Choice Domino Gth, $35,000; female, Trumain 
Domino G3rd, $10,000. 

Red Poll— male, Billy Charmer, $2,000; female, Dandy Lou, $1100. 

Shorthorn— m.alc, Pittodrie Upright, $01,335; female, Sth Duchess of Genev'n 
$40,600. ’ 

Belgian— male, Farceur, $47,500. 

' .Vfir Knglantl Ilomaleail, Springricld, Mass., Scpl. 25, 1948, p. 30. 
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Clydc«(lT.le— male Baron of IJurkb-Mc S47,')00 
Pcrclieron — male Philix $9000, female lolmthe, SS'iOO 
Suffolk— American sales, Boxtwl ConGder, S3 700, female, Ro«c Mar> , Sl,22'» 
As &bo>Mi )n Table 5, most of our purebred breed nssocntions m the 
United States w ere formwl about 1875—1885 Importations of purebred 
livestock into this country preceded this, to be sure, but impro% cd breed- 
ing Was giaen great impetus by the formation of the breed associations 
Table 5 also shoiia the numlier of animals of the different breeds that 
have been registered up to the present 

Some people maintain that our primary problem m animal husbandry 
is not that of better brccrlingbut rather one of better feeding and manage- 
ment Scaeral experiment stations haic purchased cows with records 
from dairynncn and increased their production by 2,000 or 3 000 lb as a 
result of bcUer feeding and management The average cow produces 
about 5 000 lb of milk y early Is lier actual inheritance 7,000 or 8,000 
lb ? Could bo, but la it? Disease also takes its toll m all our classes of 
livestock Studies show that about 50 per cent of the dairy cows which 
leave herds annually do so because of low production and disease Early 
death failure to grow rapidly, thus delay mg first calving in dairy cattle 
and amv al at market in fat stock, too long mten als betw ecn parturitions, 
too high a percentage of herd replacements y early , and low production or 
rate of growth through poor feeing and management cost animal agn- 
culture untold millions yearly Of 100 pigs bom, about 60 eventually 
get to market This little pig went to market, this little pig stayed 
home — period Certainly there is great need for better feeding and 
management — “half the breeding goes down the throat ’ But all this 
being true does not m any way lessen the need for better breeding m 
terms of production, type, longevity, resistance to disease, regulanty of 
breeding etc 

Foods of Animat Ongm — A rapidly increasing population does not 
necessanly mean the extinction of any particular class of liv estock It 
should, however, mean the rapid passing of inefficient members of all 
classes Thickly populated European countries still produce meat, milk, 
Wool and power The actual number of animals m the United States 
together with their increasing productivity, mean that our population is 
consuming an increasing amount of animal products The population 
of the United States was about 5 million in 1800 and has grown to about 
147 million m 1949 It has been variously estimated that the total pop 
ulation that can be provided with home grown food m the United States 
18 200 up to 331 million This is based on maintaining the present dietary 
standard The average per capita consumption of dairy products is still 
far below the nutritional optimum for our people consume on the average 
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Table 5 — Number oi' Rfcibtrations iv the Various Pure Breeds* 

^ , ,, , . 1948 All-time 

^reed Membctship registrations registrations 


Cattle Associations 



16,000 

352,888 

5,825,000 


39,516 

168,338 

4,154,304 


23,842 

49 674 

3,170,463 


3,445 

66,766 

2,233,025 

Guernsey 

3,693 

96,895 

1.610. 326 


16 000 

1 84,078 

1,158,372 


7,733 

1 26,113 

492,459 


7,000 

34,110 

356,732 


2,568 

22,625 

296,396 

Polled Shorthorn 

2,447 

10,326 

223 935 

Milking Shorthorn 

1 7,890 

24,650 

200,000 

■Red Poll 

3,000 

4,274 

181,942 

Brahman 

902 

16,145 

109,917 

American Galloway 

2* 

G48 

51,701 

Devon 

rs 

365 1 

32,590 

American Dairy Cattle 

200 

2,000 1 

19,000 

Dutch Belted 

35 

50 

7,377 

Red Danish 

185 

10 

3,500 

Anencan Scotch Highland 

16 

434 

434 

Kerry and Dexter 

No report 




40 (1948) 


160 


Sheep Associations 



1,117,000 
880 482 
514 136 
103 950 
192 033 
126 366 
92,669 
79,135 

08,132 (1948) 
55 000 
41,478 
41,412 
28 990 
28 COS 
26 055 
19,275 

1,081 
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TaBIF 'i — NtllHf K OK UfGJSTIlATION^ IN TIIK \ AKtOf* PthK lUlKUi’* "—{ConltnuriT} 


lirml j 

1 

MeinWralnp | 

1018 

rtRiitmtioni 

All tunc 
re{t*'*tnit!<mi 

Horu' A*'wiAtKini 


G 500 

261 

217,803 


50 

8 376 

108,375 


TiOO 

1,477 



I.IV) 

3.60 

1 02,739 


2 200 

M 

37.028 


1 O'lC 

3 310 

33,012 

United States Trottin;* 

7,600 

3,530 



CSI 

8(0 


Cly(le«dale ' 

1 130 

1 1,100 

45 

10 

26,400 

21 .960 

American QunrUr 

4,500 

3,W9 

17.805 


1 600 

400 

17,751 

Afliional 0 nrtrr 

OaerS 000 

3 Dll 

13 833 


1 3 000 

1,000 

8,071 

Palomino (Cnlifomu) 

1 noo 

CSS 

5,420 

Suffolk 

120 

0 


Arabian 

1 a/) 

COO 

5,200 

Morocco Spotted 

i 600arti%c 

94 

1.300 

\\ eUli Pon) 

1 30 

40 

1,200 


' 160 

73 

900 

Anpaloo'*! 

1 

314 

850 

Pinto 

, No report 




1 53.1(1918) 

95 

023 (1018) 


S«inc A«Aociat*on4 


United Duroc 

0 7C0 

100 301 

2,C03 DCS 

Poland Cliina 

11,400 

30 800 

2,208 G37 

llampsliiro 

9 000 

50 217 

no 875 

Clic>5tcr \\ lute 

3 7S2 

23 801 

roo.coi 

Berkshire 

Isational Spotted Poland 

n 500 

21 000 

035,317 

China 

12 905 

48 21C 


OIC 

1 170 



National Hereford 

2 041 



Yorkshire 

800 



Chester White Kecord 

1 2 303 

2 332 


Essex 

1 90 

200 


Inbred Livestock 

551 

3,800 

10,427 

National Mule Foot 


Kentucky Red Berkshire 

15 



Tamworth 

SO 

1,400 

1,533 


Goat Associations 

American Angora i 

624 




American Milk Goat j 

1 700 




tAmencan Goat 1 

1 000 

i = 

550 

35 000 


Rabbit and Cavy 

Associations 


American Rabbit and ' 





Cavy Breeders 

8 745 

20 

201 

47,894 
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about 2.2 glasses of milk; oz. of butter (2 pats), oz. of cheese per 
person per day, and about 2 dishes of ice cream per person per -iveek. In 
addition, there is an average consumption of about 1 can of evaporated 
milk per person every 3 weeks, plus a small amount of sweetened con- 
densed milk. 

The 1948 per capita consumption of meat was as follows: beef, 03.4 lb. ; 
veal, 9.4 lb.; lamb, 5.0 lb.; pork products, 08.3 lb.; a total of 140 lb. per 
capita per year. This is lower than it is in several countries, higher than 
that in many other countries. Whether or not it is the optimum, the 
writer does not know, but he is confident that meat would be in greater 
demand if the means for its purchase could bo made available. In terms 
of the 21 meals that moat of us eat each week, our present consumption 



Tia. 1. — Grofih showing number of \'ario(is classes of livestock per capita in the United 
Slates, 1880-1950. 

of meat Avoul<l provide about as follows: for 3 meals wc could have 7.5 oz. 
of beef and veal; for 1 meal Wc could have 1.5 oz, of lamb; and for 3 meals 
we could have 7.0 oz. of pork, leaving 14 meals each week without any 
meat. Or the 45 oz. of meat (2 lb. 13 oz.) we consume on the average 
each week would give us 1 serving of about 8 oz. for some meal on each 
of G days of the week, leaving 1 day for fish or eggs, or maybe fish-eggs. 

It would be possible to maintain a much larger population on primary 
food products (grain, etc.) because of the unavoidable losses in all animal 
feorling and the fact that no return is received from that portion of the 
animal’s feed which goes for maintenance and which amounts to approx- 
imately one-half. The inclusion of animal products in the diet, however, 
makes it much easier to provide a balanced diet witir all the necessary 
nutritional elements, including minerals and vitamins, plus the additional 
important fact of making the diet, to most of us at lea.st, much more 
T>alatablc and enjoyable. Much energy is stored here on earth in a form 
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not suitaHo for human connimption, and there is the addwf confidcra- 
tion of soil productivity, both of which mahe animal raisinR imhspcnsaWc. 

The graph (Fig 1) sho'v\ s the trends in the number of difTercnt animals 
per capita in the United States during the past 70 years. ^ 

Table G gives a picture o! the trend in meat consumption per capita in 
the United States since 1900. ‘ . 

Tile trends indicated by Fig. 1 and Table 0 certainly do not indicate 
the passing of animal foods from our diet. >feats are palataide and 
nutritious and -will probably bo utilized as long as they can be secured 
and paid for. At the present time, milk uould seem to be an indispen- 
sable article of diet, and Fig. 1 shows that dairj' cattle are maintaining 
their numbers in relation to population. If they arc increasing in average 
yield of production, there is certainly no less milk being consumed per 
capita by an increasing population. 

Dietarj' standards, coarse fcc<ls, and climatic and soil conditions ^souId 
seem an effectual barrier against the passing of livestock. Increasing 
population means an increased demand for food of all kinds; hence no 
time should be lost in raising the cflicioncy of food production to the 


Table 0 — Meat Consumption per Capita, Umitd States 
In Pounds 


Year 

Beef 

Pork* 

Lamh 

Veal 

Ailments 

1900 

67 0 

C5 3 

C 5 

5 2 

144 0 

1910 

70 5 

CC 9 

C 4 

7 2 

151 0 

1920 

59 1 

C3 9 

1 5 4 

1 8 0 

, 13G 4 

1930 

1 48 9 

1 GO 8 1 

G 7 

i G 4 

1 131 8 

1940 

\ 55 2 

1 C4 4 

G C 

7 3 

133 5 

1918t 

63 4 

68 3 

S 0 

9 4 

146 1 


*EzcIudini; lard. , 

tTenUtive 

highest possible level In such a program there will surely be found a 
place for all the really efficient animals that can be produced. 

The place of farm animals in convert ing rough feeds into usable form 
for the human animal, m improving our American diet, and in conserving 
and increasing soil fertility has long been realized. But an increasing 
spirit of awareness of the major role which animals are destined to play 
now' pervades, and livestock production is now often referred to as animal 
agneulture ^Ye now see tliat our so-called surpluses of grains can best 
be stored in animal hides This at one stroke provides a reser\ e of food 
for emergency and a better fed populace and is m full keeping with the 
idea ol an economy of abundance. 
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The data in Tables 1 and 2 show that the number of dairy cattle, beef 
cattle, sheep, and swine compared to human population has steadily 
declined, starting at a high of 2.64 of tlicse animals to each person in the 
United States in 1880 and decreasing by 10-ycar intervals through 2.40 
in 1890; 2.05 in 1900; ■l.Q>7 in 1910; 1.59 in 1920; 1.34 in 1930; 1.33 in 
1940; and 1.13 in 1949, Increasing production in dairy cattle, faster 
maturity, and meatier carcasses in the meat classes have, of course, tended 
to offset the decrease in numbers. 

The Bureau of Agricultural Economics has reduced all food-producing 
livestock (meat animals, dairy cows, and poultry) to a hog-equivalent 
basis. They report that in 1920 we fed 1.67 head of producing livestock 
per capita; in 1930 the figure had fallen to 1.55; in 1940 it stood at 1.53; 
and in 1948-1949 it was 1.41. There are two possible ways of storing 
grain — in dead storage or in animal hides. Wlien stored in the latter 
way, we have an emergency food supply, we have a chance to increase 
our soil fertility, and we have a better nourished ^populace consuming 
more milk, moat, and eggs. 

H. E. Babcock estimated in 1948 that for the proper nourishment of 
150 million people, we would need an additional 10 million dairy cows, 
11 million beef animals, 8 million sheep, 20 million hogs, and 120 million 
poultry. It is obvious that we need increases both quantitatively and 
qualitatively in all our classes of livestock. To an extent greater than 
the average person realizes does the future welfare of the United States 
hinge and depend upon these gains in animal agriculture. 

Present Status and Problems. — Many animals are unprofitably low 
or inefficient producers because they are poorly fed and cared for. If the 
average horse were well fed and cared for and were thus able to work and 
breed at maximum efficiency, if the average cow, ewe, and sow were per- 
forming at somewhere near the maximum set by their inheritance, live- 
stock farming would be much more profitable than it now is. This 
involves also the control or elimination of our various and sundry'’ live- 
stock pests and diseases, which take an annual toll of millions of dollars 
in terms of lowered individual and breeding efficiency. Likewise, our 
civilization would bo on a much higher plane if each human individual 
were performing more closely to his inherited capacities. The problem 
facing us, therefore, as far as our animals arc concerned, consists of feed- 
ing and managing what wo have more efficiently as well as raising the 
level of capabilities through selective breeding. 

In one sense a treatise on the breeding and improvement of farm ani- 
mals seems rather futile without its corollar>% the breeding of bettor men, 
for if our human inheritance and environment wore bettor and wo couki 
induce our peoidc to live and work more nearly to the upper limit of their 
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canabilitics, there ouUl ho les-j ncwl to a\ rito hooks about hrccdmR bettor 
livestock. An encouraging nnglc, however, is the fact tliat the principles 
underlying the creation and maximum productivity of livestock are 
identical with the principles xindcrlj-ing these things in man 
It we can put the principles to work generally w ilh our livestock, they w ill 
perhaps gradually become incorpomlerl in our thinking about ourselves. 

In our animal breeding we must, of course, start from where we no« 
are, with what has come down to us from the past. Hie genetic ta.sk in 
the field of breeding, therefore, is twofold: (1) to find out vvliat we have 
genetically, in other w ords, to nnalyze; and (2), to raise the avenige level 



tio 2 — Jersey Bull, Count SI. George rirrt-priie bull Jn 18S2 {.Cvuritty of Ameruan 
JeTMey CaUle Club ) 

of production and efficiency all along the line by making better combina- 
tions of genetic materials, m other words, to synthesize. • 

There can bo little question about the fact that most of our animals 
at the present time are mixed in tlicir inheritance. AVe shall learn later 
that inheritance is due to the actions and interactions of discrete bodies 
called genes, which are found associated in groups, each group of genes 
making up a chromosome. The chromosomes {chroma the Greek word 
for color, and soma the word for body) are found in the nuclei of cells. 
Each species of plant and animal has a definite, permanent number of 
chromosomes. If a member of the Shorthorn breed of cattle got the 
gene, or determiner, for red color (K) in a chromosome from its sire and 
its allele for white color (r) m a chromosome from its dam, its genetic 
caa.Vft-up would be Rr awd \Sa color loan f.i e , HR = red, Itr = roan, and 
TT = white, there being no dominance between genes H and r) Such an 
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animal cannot breed true because it \n\\ pass along to each of its offspring 
either the chromosome containing the gene R or the one containing the 
gene r. 

This illustrates the two basic concepts of modem breeding knowledge: 
(1) the mechanism of inheritance is found in discrete bodies (genes) or, in 
other words, is particulate; and (2) each offspring gets only one-half of 
the genetic material which its parent possesses; in other words, the 
inheritance is halved each time it is passed to an offspring. So an Rr 
(roan) animal cannot breed true because it cannot give an identical gene 
(in this case, determiner of color) to all its offspring. This animal is not 
pure for color, spcalang genetically, or, in technical terms, is heterozygous 



Fio. 3 — Jorsoy Bull, Brampton Standard Sir, a modem giro noted for tlio excellent t>j>o 
of Jiig oaaprmg. (Coiirtcsy of ^Imerican Jortcy Caltle Club,) 

as far as color is concerned. An RR (red) or a rr (white) animal is pure 
gonctic.ally (for color) or, in technical terms, homozygous (for color) and 
vill, therefore, breed true in the sense of passing an identical gene to each 
of its offspring. 

Our hreetls of livestock are pure, or relatively so, for certain distin- 
g«i‘'hing color markings, for horns or for no horns, etc., but they arc not 
pure for the genes that determine commercially valuable characteristics, 
'ilicy have been made pure or homozygous for their superficial Inidc- 
innrks by the process of weeding out those animals which were thcmselv es 
not pure as cvidencwl cither in their own make-up or in that of their off- 
spring, a relatively simple proce^ss m chaKictcristics determined by one or 
a few pairs of genes acting on distinct and easily rccogniza!>!e traits. 

They are not pure O'oniozj-gmib) for Fjioetl .and stamina, mpidily aixl 
clheiency of gain and quality of cyircass, quality ami (luantity of me.at 
and ^\<)ol. amount and (nmtity of milk, etc., simply l)ccau‘.c we have not 
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> et ruthlesslj culled out tho«e Tvhich do not measure up to giv en standards 
of production and transmission "W e have all sorts of shapes and qualities 
and productiveness m our livestock and the ammals cannot yet he 
counted on to transmit as they themselves look or behave They are 
heterozygous (mived) m their genetic make-up and hence cannot breed 
true or uniformly 

The greatest need in animal breeding todaj is for records of perform 
ance BO that we may learn definitely how our animals are transmitting 
■\Mien vie have developed better ways of measuring performance and 
phy Biological studies of different hormone levels hav c provnded new clues 




to probable performance wc can mtclhgently weed out the unfit, breed 
only from the fit and so gradually punfy our stock m terms of their 
commercially desirable characters 

Breedmg Opportunities — Mthough it cannot be denied that well nigh 
perfect specimens of the v anous classes and breeds of livestock hav e been 
produced and that m practically all breeds the prices paid for individuals 
liav e risen w ell into the thousands of dollars the fact remains that oppot 
tunity IS still wntten large liefore animal breeders Afei\ nearly perfect 
s[)ecimens have been produced and record after record has been cstal>- 
liyhcd only to be replaced I y a letter one after a short while 

Tlic record m milk production dunng 1 y car is 41 943 lb (Carnation 
Ormshy Madcap Fay no II 1- ) m Imttcrfat 1 C14 lb (Melba 15th of 
Dari aKra Milking Phorthom) in speed at the trot for 1 mile 1 minute 
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o5K seconds (Greyhound), at the pace, 1 minute 55 seconds (Billy 
Direct). 

The record in horse pulling contests for heav 3 n,veight teams is 4,225 lb. 
tractive pull, which is equivalent to starting a load of 54,870 lb. on a 
wagon on granite-bloclc pavement 15 to 20 consecutive itimes, oi more 
than equal to pulling 10 plows cutting furrows 14 in. ^\ide and G in. deep, 
in ordinary corn-belt black-loam soil. The record for lightweight teams 
is 3,525 lb tractive pull, a\ Inch is equivalent to starting a load of 45,779 lb. 
on a wagon on granite-block pavement for the same number of times, or 
more than equal to pulling 8 plows cutting furrows 14 in. wide and 6 in. 
deep, in ordinary corn-belt black-loam soil. 



Tlic record in the ton-litter contest stands at 5,117 lb., the combined 
voight attained by an Illinois litter of 17 pigs in 180 days. 

The outstanding llambouUlct sire, Prince of Parowan, owned by the 
Bureau of ;\nimal Iiulusliy, produced seven annual fleeces of wool that 
uvemgcil 31.5 lb. per fleece, unscoured, an outstanding rccortl of long- 
time w ool production. This woo! yielded about ‘10 per cent of clean w ool, 
or 12.G lb. of artual wool, per fleece. A largo percentage of several hun- 
drxHl of the bent Baniboinllct sheep in the flocks of the ‘Western Sheep 
UnHsiing l.aboratorj', Dubois, Idaho, arc descendants of this ram. 

'Hie ability of the goat to piwlucc milk is evidenced by the fact that 
the bigbe-^t oflici'd test on record in the Unitcil States was made by a 
Vrenrh Alpine doe, Little Hill Pierrette'H I.ady Penelope, that pr<Mliicc<l 
.3 Jl» of milk in 10 months, an average for the perio<I of 7-2 qt. a ifay, 
a hsnm not f.at btlow the a\ crage prtKluction of all <lair>' cow « in America. 
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An idea of the opportunity for improvement -within a particular breed 
of beef cattle by breeding and selection may be gamed from some of the 
Bureau of Animal Industry record-of-performance data vith steers 
^vhlch show a range in efficiency all the way from 12 01 to 24 47 lb of In e 
weight gained for each 100 lb of total digestible nutrients consumed 
The number of days from birth to 900 
lb live weight vaned from 412 to 591 
ith dual-purpose cattle, the 
breeder is confronted simultaneously 
w ith the two vanables — milk produc- 
tion and beef production The i ana 
tion in efficiency with which beef is 
produced by the dual-purpose animal 
IS similar to that m the beef breeds 
In the bureau's work wuth milkmg 
Shorthorns, the vanation in efficiency 
covers a range of from 11 49 1° 
21 38, and the number of days from 
birth to 900 lb hve weight extend 
from 358 to 632 Alilk production 
\aned from less than 5,000 to as high 
as 12,000 lb 

All these records when compared 
with the average performance of our 
Instock, indicate the tremendous 
opportunities still existing in the 
field of breeding These top-notch 
animals resulted from certain com- 
binations of hereditary units plus, of course, excellent care, feedmg 
trainmg, and general management As we shall learn later, there are 
literally billions of ways in which the hereditary chromosomes can be 
recombined Our first job is to learn the genetic make-up m our Iw e- 
stock through careful record keeping and then to recombine the units into 
more desirable combinations through systems of breeding and selection 
Breeding is the lmp^o^ ement of animals through rational selection of 
germ plasm and full deN elopment of resulting somatoplasm A cursory 
glance at the qualifications reqtusitc in one who is to improve animals 
remo% es at once any surpnses at the scarcity of such breeders Alen like 
Bakewell Cruickshank, Col Taylor, Lotbrop Ames, Gentry, Duthie 
Marsh and a score of others of greater or lesser fame are, comparati\ ely 
speaking ^ cry rare because of the size of the task and the multiplicity of 
details with which a breeder must deal 



Fio 0 — Waiiam Duth « of CoUynie » 
Sborthorn brooder -wbo held annual sales 
for 30 >ears and sold 1 0'*'’ head mostly 
bull ealvea for a erand total of SI 23S 
0-10 (Courfeey of Breeder < Ctizette ) 
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Successful breeders are equipped -with keen powers of observation, 
are thorough students of animal form and function who are able to select 
and mate wisely, are good farmers and intelligent feeders who can bring to 
full expression the inherent potentialities of their animals, and they are 
not deficient in business acumen, which makes possible the accumulation 
and wise use of capital. They are the type of men who inspire loyalty 
and fairness from those with whom they come in contact. In short, 
successful breeders are usually hard-working, practical idealists who 
appreciate the privilege of working witli the Creator in molding nature’s 
forms more closely after some ideal by means of records of performance, 
systems of breeding, and selection. 

The Purebred Era.— The rise of the present-day pure breeds of domes- 
tic livestock dates back a comparatively short time. Practically all of 
them arose during the eighteenth and nineteenth centuries. At that 
time, breeders began to be guided by more definite ideals of type, to have 
greater recourse to assortative matings (like to like) which soon led to the 
necessity of various degrees of inbreeding, which tended to fix the char- 
acteristics they desired. In terms of genetics, they took a very hetero- 
zygous strain, inbred it, which sorted it out into homozygotis form, and 
then disposed of those undesirable animals which no doubt carried double 
sets of recessive factors. Such methods are still efficacious, but it is a 
question whether or not they are being used as much as" they might 
well be. 

The term ‘^purebred" may in some instances bo something of a mis- 
nomer. For example, the term ‘‘purebred dairy cow" should imply, it 
vwould seem, that the animal in question is capable of producing large 
quantities of milk. It does not, of course, imply anything of the sort but 
only lliat the animal’s sire and dam were purebred. Our dairy breeds 
are relatively pure for color, size, etc., but they are not yet pure for high 
milk production, though, of course, by proper methods of selection they 
can bo made so. It would be much better to speak of these animals as 
"registered" rather than as "purebred" and to use this latter term only 
in its genetic sense. The term purebred, however, has gained such a place 
through common usage, that it would be futile to oppose its use. Tlic 
student, nevertheless, should be on his guard and cognizant of the various 
filiades of meaning of the Icnn purcbixKl. 

Tlic first herd book, for keeping Tlioroughbrcd pedigrees, was a private 
affair started in England in 1791 fo bo followed by anotlicr private herd 
hook for Sliorthorns in 1822. Konc of o\ir purebred registry' associations 
in the United Slates is as yet eighty-five years old. Pedigrees for t!ic 
Tlioroughbrcd hon-c anil Ihc Jotyoy cow were first kept in rfVmcric.a in 
ISfiS, for the Corriodalc >hccp in 1915. There were 1 1 of the more impor- 
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tant breed associations formed jn the decade 1870-1880, 13 “ 
decade, 1880-1890, 0 m the next, 1890-1900, 2 in the next, ^^00-WW. 
and 3 m that from 1910-1920 The average date for the founding of the 
cattle associations li as about the year 1870, for horse and swine associa- 
tions about 1880, and for the slieep associations about 1890 
ne^\ breeds arc still being formed and new breed associations 

Men AMth common interests in the same breed of livestock banded 
themselves together into breed associations for two pnme reasons ne 
of these i\as to protect the punty of the breed m order that it 
retain its distinctive external trade marks or to keep out the genes that 
determined characters not \\ anted This was to be accomplished by a 
system of registration open at first to animals that met these certain 
mark qualifications This practice m due time was to be superseded by 
the stipulation that only the offspring of registered animals Mere to be 
eligible for registration Because no stipulations regarding ability to 
fatten or to milk, etc , were or ever have been set up, it is not to be 
Mondered at that poor producers were originally admitted into the select 
circle of the purebreds and that there are still some to be found there 
Tor manj years any horse could be admitted to the Standardbred Reg" 
ister for horses on successfully meeting certain requirements for speed 
The only criterion for the admittance to registration of a calf of the dairy 
breeds is that its sire and dam be registered animals of the same breed 
and the calf show no disqualifying charactenstics In the one case the 
cnterion m as performance m ith no questions asked about parentage In 
the other it is parentage with no questions asked about performance 
Perhaps the first system Mas wrong, certainly the second is, and the best 
sjstem Mould include stipulations regarding both performance and 
pedigree 

Some of the breed associations, having realized that much poor germ 
plasm IS to be found in all breeds, are now strugglmg to devise means of 
selective registration Rules that m lU be genetically sound and commer- 
cially fair as M ell as practicable for this sort of thing are very difficult to 
formulate If the difficulties pro\c insurmountable, an alternative 
method M ould be something similar to the herd test in the dairy breeds 
In this sj stem every female m the herd must be tested, i e , her milk 
M eighcsd and its butterfat percentage determined, and the poor producers 
thus can be eliminated from the herd average by surrendering their regis- 
tration papers If this practice could be made widespread and all the 
facts published the breed would gradually purge itself of its poor germ 
plasm, assuming that no dair>'man would use a son of a bull which had 
demonstrated his own lack of tlie genes for high production through the 
low pro<luction of his daugliters Such a sj stem is \ erj slow , perliaps too 
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slow, and a bull may have many daughters as well as many sons in service 
before his ovTi poor inheritance has had time to show itself in the first 
5 to 10 daughters’ pioduction. Low official-type classification also 
icqiiires the suricndcring of registration certificates or the prevention 
of further registrations. 

The other prime function of the breed associations was that of pro- 
moting its particular breed. This led to some very worth-while compe- 
tition between the breeds and some, perhaps, that was not very much 
worth while. Much of this early breed-promotion work w’as'based on 
superficialities, largely perhaps because the real basis for animal improve- 
ment was at the time unknown. Excessive fat was utilized to produce 
even contours, cows were forced to 
abnormally high and probably uneco- 
nomical milk production in order to 
"sell” the breed. Breeds were 
judged, by the imtliinking, in terms 
of a few superlative accomplishments 
rather than in terms of their average 
level of merit. Demand for pure- 
bred sires was very brisk with the 
rasult that cvcr>' breed retained much 
poor germ plasm, and a lot of it 
is there to this day. To get a pure- 
bred sire seemed to be the easy and 
(piick way out of ail our breeding 
difheuilics. This altitude h found in 



ail fields of human endeavor. Wc 
want to get to our goal by a quick 
and easy method, so wc take various 


rio 7 .- — Sources of the Ainpricntj farm 
UolKrm 10 IS {Courtai/of U.S.DejiaTl^ 
menl oj Agric^tUuTe.'i 


nnd short cut.->, but, untorluniitoly, they seldom or never lend u-i 


to our (tool. UreediiiK hotter livestock is n slow, tedious process. If u o 
use Jiroper methods, \se, can hope to make tome prORress, but uo tlioiild 
beware o( “bort cuts and panaceas. 


'Hie lireitl as.soei.at ions aKo set tbo idc.als for tbeir breeders largely 
IhroiiKh tlie awanis made at live-stock thows. The breed aasoeiatioiis 
have always evereiseil tbeir riglil to liavo tomcIhinK to say about wlio 
rli.all judaent lisi^toek sliows. Many of them jmblisb lists of acrei)tablo 
jiulscs, and s<ime of tbem eonduet iudRinR tcliools to train judaes in Im-eil 
imd to . m-oumae uniformity in plarinas in tIilTerent .seelimis of tim 
comitry. In bri< f, Ibey try to mold ilieir bnssls after arceplalde sland- 
Iin!' o( iH-rf(vliiin. In nil tins up to tin- pn-ent. tlirtv lias Iieeu no com- 
jnibi.iu. l^ih liosstrr is frts* to follow bis own lieni, to te^t or to show 
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or not to do so Anj breeder la free to nttimpt to clnnRe tlie prc-Jentlv 
accepted breed t^po, and the tjpw have bet n chanRcd nmn> limes, pre- 
Bumablj m accordance itli chanpng markt t demands 

Our purebred breed assotialions lii\e made m\uhiable contribnltons 
to better hecstock 'that thej htiould not ha\c made mi'^takcs nould 
ha\c been miraculous Tlieir good far ontwtigbs the bid up to the 
present, but Ihcj still ha^ e much hard nork to do Hieir final task 
consist of pro% iding the mechanism for pro\ mg the producing and trins- 
mittmg merit of the animals m their rosp( ttiN e brretls 

The title of this section, “ llic Purebred ] ra,' should not bo constnicd 
as meaning that the writer behc\es Ihcpurcbretl has had its daj and a\ ill 
pass on The work of the purcbnxl lireetl associations o\tr the past 8> 

3 oars has laid a firm foundation on which n grcil suprrslnicturc of rcallj 
beautiful and efficient animal t> 7 )es cm and will be built It has been 
our purpose to pa> our rc^ipccts to the untiring w ork that the men making 
np these associations have done and also to point out the ultimate f dlac> 
of protecting brec<l punty and promoting tbc nso of purebreds without 
taking the ncccs.s>ary steps to purge the brtotls of their undcsir iblc germ 
plasm bj feasible sj stems for pro\ ing breeding merit 
That genetic \nnalions in efficiency m con\crtmg feed into milk 
butterfat, meat, wool, or power exist among our animals is now well 
established through carefully controlled expenmont il work Probably 
there are also genetic dilTcrenccs m <h’*casc resistance maternal charac- 
teristics, quality of product, fertility , ease of milking etc Tlic nest task 
of the breeder and breed associations is to dc\ i*c the rccortling machinery 
60 that these inherited differences may be nsccrtaiiied and the facts made 
available to all 

Rise of the Breeds — For 200 years after the beginning of the scttlc- 
raent of North America, the early settlers and later immigrants brought 
livestock to these shores, as none of the larger farm animals were here 
when they came These were the native stock of their respective native 
lands There were no breeds as we use the term tod i>, although local 
vaneties of animals have probably been continuously developed in all 
parts of the world for the post few thousand years Certainly that was 
the case in early America and some of these creations have persisted 
and developed into well-established breeds 

The early settlers needed transportation espocnlly when the country 
began to expand westward and naturally turned to the horse Tlirough 
selection there was gradually developed a sturdy, sure footed intelligent 

and easy nding horse that was later to provide one of the foundation 
stones for the American Saddle Horse the latter breed also having 
infusions of Thoroughbred Morgan, and Trotting blood Tlie need for 
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Ijination was. So the exact origin in terms of genetic material for a breed 
cither old or new can never t)e known. 

Before the advent of breeds, it is logical to suppose that the mam 
criterion for selection ua.'J atility. The haJo attached to or develop^ 
around the term pitrclrcd was responsible perhaps for relegating proved 
merit to something less than the main criterion in selection. If this has 
occurred, it is a distinct loss and an impediment that should be dispensed 
with as quickly as possible. Tlie brewers themselves arc the ones who 
should take the lead in accomplishing this result. 

Beginnings of Breeds in England. — During the eighteenth centurj', 
agricultural progress in England quickened. By 1700 from one-third to 



Tio 8 — W’est Tlighland cows, of great antiquity and jndjgcnous to Great Britain. (From 
Thomp$on, Ouihne of Gto. Rtvint*, Lid.) 

one-half of the arable land W'as still cultivated on the open-field system 
w’ith its heavy hand laid against more progressive and efficient methods. 
“No individual owner could attempt to improve his flock or his herd, 
when all the cattle and sheep of the village grazed together on the same 
commons.” Common lands with movable landmarks and unfenced land 
with crops often despoiled by passing cattle and sheep led to continuous 
quarreling and litigation. This type of farming was especially hard on 
livestock, as the commons were generally overstocked. Writers spoke of 
“half-starved, greyhound-like sheep,” of “animals bearing a closer 
resemblance to living skeletons than anything else,” and of a motley 
mixture of all the different breeds of cattle and sheep at present knonm in 
the island, many of which are diseased, deformed, small, and in every 
respect unworthy of being bred from. It was claimed that 5 acres of 
individually owned pasture would have been worth more than pasture 
rights over 250 acres of common. Enclosing started about 1450 and 
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progressed at different rates in different parts of England, sometimes by 
agreement, sometimes by acts of Parliament. 

With the change from open field to enclosure, better methods of farm-^ 
ing became possible. The great pioneer and the “greatest individual 
improver” that English agriculture had ever loiown was Jethro Tull, who 
published a book, “Horse-hoeing Husbandly/' in 1733. He developed a 
drill for planting seed m rows and practiced clean cultlvatioa to destroy 
weeds and conserve moisture. The rank and file scoffed at his ideas, 
some of which became established in Scotland before they did in England ; 
but large landowners gradually adopted his suggestions, so that 'they 
eventually spread over England revolutionizing the whole field of agri- 
cultural practice. 

With the coming of field cultivation of clover and artificial grasses, 
sometime after 1000, and of roots somewhat later, a great impetus was 
given to agriculture and livestock breeding. Winter feed could now be 
had, more livestock kept, more manure produced, better crops grown, 
still more livestock kept, etc., over and over. This provided both the 
necessity and the possibility for improving livestock. There had growTi 
up a great variety of short-wool sheep in many sections of England. 
There were also a number of long-wool breeds, and in general their type 
was more uniform than that found among the short-wool sheep. Some 
attempts were made in the latter part of the seventeenth century to 
improve the breeds, but they were generally made in terms of fancy 
points rather than practical ones. 

In cattle, size alone seemed to rule in selection rather than quality of 
carcass or earliness of maturity, though power at the yoke and milking 
quality were early criteria for selection. Here again each county had its 
varieties, more or less true to some color, length and set of horns, etc. 
Among these breeds were the Shorthorn, Middlehom, Longhorn, Devon, 
Hereford, Sussex, Pembroke and Red Glamorgan, West Highlands, 
Ayrshire, Galloway, and .ftngus. Perhaps the quest for size reached its 
zenith in the Lincolnshire Ox, standing 19 hands high and measuring 
4 yd. from his face to his rump. “Stock breeding as applied to both 
cattle and sheep, was the haphazard union of nobody’s son with every- 
body's daughter." Prizes were offered for the animal with the longest 
legs, ncccssarj' enough perhaps at the time. 

llohort Bakewell of Dishlcy (1725—1795) had the imagination to 
\)icturo the future needs of a growing population in terms of meat and set 
about creating a low-sot, blocky, quick-maturing typo of both sheep and 
beef. He also worked with the hcavj’’ Blackhorsc, .shortened his back, 
brought him closer to the ground, i^placing height and weight with 
activity and strength. B.akcwell paid little or no attention to fancy 
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points but bred for animals tint 'would wcirK hca'vily m the best joints 
and show efficient feed con\crsion and quick maturitj 

His success was duo largelj to three factors (1), Ho had a definite 
aim m mind and bred for it consistently Joints preserved in picUc 
hung from his walls and skeletons of lus most famous animals adorned 
his halls (2), Bakcwcll divorced himself from the common practice of 
crossing breeds which tends to dissipate good qualities, and adopted m 
its place the practice of "breeding the best to the best" regardless of 
relationships This meant a considerable amount of inbreeding, a prac- 
tice generally taboo in the England of that day Fmallj, he let for fancy 
prices, rather than sold, his males, m other w ords, he got his neighbors to 
"prove” the transmitting abilities of his sires for him 

It was with the old Leicestershire sheep that Bakeweirs success was 
outstanding From large heavy-boned and -framed animals with little 
or no propensity to fatten quickly, Bakcwell gradually brought them 
closer to earth, gave them blockiness of form, fineness of bone, and quick- 
fattening propensities, which set them off from their forebears as a new 
variety Other breeders with animals better fitted to their respective 
localities were soon following Bakew ell’s example with the Leicestershire, 
and it was not long before Leiccstcra were closely rivaled if not 
surpassed 

Working with Lancashires, or Craven Longhorns, Bakcwell evidcntl> 
went too far in establishing better beef qualities at the almost total 
expense of milk Since the region, Leicestershire, was also a dairj region, 
this was fatal, and the Durham Shorthorns bred by the Collings along 
the lines laid down by Bakew cU largely supplanted the Ldncashires 
Breeders of other breeds soon followed the trail blazed Ilobert Bake- 
well Animal breeding of this sort became fashionable and respectable 
and enlisted the services of many country gentlemen 

How great was the change can be seen in the weights of animals at the 
famous Smithfield Market In 1710, beeves had averaged 370 Ib , 
calves 50 lb sheep 28 lb Iambs 18 lb , whereas in 1795 they were 
800 148 80, and 50 lb respectively Individual initiative encouraged 
by enclosures the introduction and use of turnips and clover, the labors 
of agriculturalists like Tull and Townsliend helped enormously to bring 
about these changes But the mam mduence w as that of Robert Bake- 
well whose imagination initiative and courage put a firm foundation 
under improv ed methods of bvestock breeding Animals and man had 
progressed slowly together for 10 000 or 20 000 years I atent m both 
w as the promise of a better tomorrow To Bakew ell abov c all other men 
belongs the credit for loosening the shackles that held animals back 
Using the crude principle of “like begetting like,” he molded animal 
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inheritance into a preconceived pattern, through close breeding an^ 
selection. This system, then as now, leads to purity or homozygosity. 
'iVhen other breeders adopted Bake\vcll*s methods, the foundations of 
our modem purebreds were laid. 

Late Middle-Ages Agriculture of England. — During the Middle Ages 
(500-1500) in England, as elsewhere, rotation and improvement of crops 
and improved breeding methods were not a nccessit 3 ^ because virgin soil 
was abundant and worn-out lands could be deserted for new. Increasing 
population and the establishment of settlements were later to make 
improved husbandry a dire necessity. Thus wild field-grass husbandry 
^Yas supplanted by the permanent separation of arable land from pasture- 
land. The former was the system in vogue during feudal days in Eng- 
land from the eleventh to the fifteenth centuries. At this time ther© 
were four types of land: (1) the demesne or lord’s land, (2) the free lanij 
of the military service or rent-paying men, (3) the unfree land worked 
by various classes of bondsmen, and (4) the common pastures and 
untilled wastes. Each manor was self-sustaining, and theie was but 
little trade in agricultural products. *‘For such ready money as 
needed, the lord looked mainly to the produce of his livestock.” 

Horse farms appear in the accounts of some of the manors in th^ 
tliirtcenth century, probably supplying the “great horse” for military 
purposes. Cart and plow horses were to be found on most farms and 
were often worked along with oxen. The latter were steadier, easiof 
on the harness and plow gear. The winter keep of oxen was less than that 
of horses. They needed less care, were less liable to sicloiess, and on 
death yielded both a hide and a carcass. Attendants of both classes 
slept in the barns v ith their charges. 

Cattle fared badly in these early daj'S. Pastures, never very plentiful, 
ncrc generally overgrazed so that fresh-butchered meat was seldoni 
eaten. Aged animals and worn-out oxen were prepared after a fashion 
through the summer for slaughter in the fall and then eaten fresh, or 
salted for winter use. "Winter feed was scarce with the result that spring 
generally found the cattle in a very thin weakened condition. 

Dairj-^ cattle fared little better and produced four-fifths of their yield 
during the 24 weeks of summer. In the winter millc was worth threo 
times its summer price. Calves were poorly grown because of the humau 
demand for milk. Much use Mas made of all sorts of cheeses and much 
summer butter w'as preserved for winter use. 

To the medieval agriculturalist, sheep xvere the sheet anchor of farming. 
Ti\eir chief product was not meat, milk, or hides, but wool. Froni 
oarlicst times, districts like Shropshire, Leominster, and the CotJovoldtj 
had been famous for their wool. Tlic high prices paid for r.ams is cv'i. 
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dence of an attempt at better breeding, though the presence of scab and 
rot made sheep raising a risk> venture Tlie sheplierd's task i\ as one of 
the most important ones on the farm, he was respected above most others, 
and lame shepherds were in great demand because a lame man was not 
likelj to overdriv c his sheep 

Pigs w ere held m high favor and \ alued as more profitable than a cow 
They were also invaluable as scaaengers Turned loose, they were self- 
supporting during all except 3 months of the year At farrowing and 
fattening time they receded some extra care and feed In type they 
were rang>, lop eared, and agile Wliat selection was practiced was 
based largely on the animal’s ability to fend for itself, “root hog or die ” 
To sum up the status of livestock in thirteenth century England, we 
have seen that types of animals to fit the contemporary need had been 
dm eloped, but that means of adcQuatc feeding or veiy high ideals of 
better breeding w ere sadly lacking Nevertheless an adage of the time 
ran, “lie that hath sheep, swme, and bees, sleep he, wake he, he may 
thrive ’ 

The open field system, including the arable land, the meadow , and 
the permanent pastureland, prevailed quite generally m England at some 
time or other, and examples could still be found up to the eighteenth 
century The manor system of farming tended to break up betw een 1300 
and 1485, largely because the lords became more interested m sport and 
war than m improving farming practices Famine followed, owing to 
lack of interest by the large owmers and the lack of resources of lesser men 
^Vhatever improvements were registered were largely the contribution of 
monks uinter Hasa season tobedreaded GraduaHy, and for a variety 
of reasons the manor system with its graduated mutual dependence 
began to break up and was supplemented by a system that involved 
greater mdiv idual independence 

The Black Death (1348—1349) hastened the breakup of the manors as 
it increased the lord s land but greatly decreased the available labor 
supply Rents fell, wages rose, and extensive legislation designed to aid 
the landlord could not stem the tide of manorial breakup More and 
more small separate farms came into being that w ere let out for money 
rents to individual occupiers Freeholders leaseholders, renters, and 
free laborers increased at the expense of the class of villems 

Thus shortlj before 1500, feudalism m England practically ceased to 
exist— the jMjddle Ages were supplanted by modem times Feudalism 
was followed bj enclosure Open fields and pasture commons were 
enclosed sounding the death kneU to the old medieval agrarian partner, 
ships and Bignifj mg the birth of mdividual ownership The nse of a vei> 
profitable wool trade as well as the increased demand for meat turned 
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much arable land into pasture, much of the change being unwarranted. 
Land now came to be thought of in terms of what rent it could earn; in 
other words, agriculture became commercial. 

Grass holdings were enlarged at the expense of tillage in order to 
accomodate the sheep-farming craze. In the process many small farmers 
were mined and many once happy villages became “deserted.” Laws 
passed to preserve farm homes and buildings and to require tillage were 
easily circumvented, and preachers and versifiers inveighed against sheep 
farmers and the sheep themselves. But the greater efficiency of enclosed 
land, owned and worked by an individual, over open land, jointly owned, 
gradually made itself felt, and a new era of progressive agricultural 
development opened for England. The price for enclosing some ^ 
million acres was the throwing out of work of around 35,000 persons. 
That there was much suffering can be assumed from the numerous rural 
uprisings of the time, but there were also attempts to deal fairly and 
adjudicate liberally. 

Unaccompanied by a contemporaneous development of arable land, 
enclosures caused a growing scarcity of employment. Tenant farmers, 
copyholders, squatters, cottagers, and laborers suffered alike, and the 
rise in the cost of living pushed many to the brink of starvation. Some 
individuals w'axed rich through enclosure, so that the grooving unequal 
distribution of >vealth brought many abortive attempts at legislative 
relief for the unfortunate. Petty crimes, kidnapping, livestock stealing, 
and siimlar misdemeanors grew in the rural districts, though a goodly 
part of it was doubtless perpetrated by disbanded soldiers, adventurers, 
and other ne’er-do-wells. 

During the reign of Elizabeth (1558— 1 COS) “wool was the chief source 
of the wealth of traders and of the revenues of the crown” and controlled 
the foreign policy of England, Short wool had serious competition from 
the Spanish !Merino. Uycland was the preeminent short-wool breed, 
its center at Leominster and “Lemster ore” the equivalent of “golden 
Fleece.” The Cotswolds led the long-wool breeds with Lincolnshires 
close behind. 

On the whole, there was not much change in the sixteenth- as compared 
with the thirteenth-century agriculture in England. Some gains were 
registered, c.g., the greater use of iron in the implements used, but arti- 
ficial grasses and roots were still unknown, hops the only new crop. 
Sea^nahlc operations remained about the .same, with magic and super- 
htition still controlling plantings and breeding operations. Sheep were 
considered tlio “most profitable cattle a man can have,” though without 
turnips their full value could not Ims realized. Ewes were btill milked, 
and the writers of the time have "nothing to .say about the improvement 
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of breeds of cattle for the purposes that thej serve ” The general- 
utility animal u as still the ideal The combining of crop produotion v ith 
livestocls. feeding vas yet to come 

Medieval Continental Agriculture — In Western Turopc conditions 
were chaotic follo%ving the breakup of the Roman Empire, ^vhlch started 
in the third century and ns comi>lete bj the seventh 

The work of reconstruction m Western Europe began in the eighth 
century Various rulers, and particularly the Christian church, provided 
the mam impetus Methods and toolsuerc crude and results in terms of 
effort meager, but progress was made and the hope of economic security 
w as again revived Thousands of monasteries w ere established all over 
Western Europe, and each of them provided a nucleus for agricultural and 
livestock breeding endeavors Large herds of cattle, horses, sheep, and 
swme were again established horticulture and winegrowing again came 
into prominence 

Even after their adoption of the rudiments of civilized living, the 
majority of the Celts, Anglo-Saxons, and Germans were largely herdsmen, 
and m central Germany cattle were still a means of exchange up to the 
eighth century The ratio of small animals like hogs, sheep, and goats 
to larger ones like cattle and horses ranged from 5 up to D 1 
The period from 900 to 1200 saw the nsc and the establishment of 
feudalism m Western Europe Land at that time was practically the only 
capital and it came to be controlled by the ecclesiastical and military 
classes Communal ownership of land had changed first to small individ- 
ual holdings These ivere gathered together into great blocks by pow crful 
organizations or individuals As the saying had it at that time, “no lord 
without land no land without a lord There w ere still some free men 

scattered about but one third to one-half of all the land, for instance, 
was owned by the Church and another large percentage by powerful 
knights and barons This land was given out as fiefs to be worked by 
slaves serfs half free and free peasants Stated returns went to the 
lord, and generally the workers also owed the lord or tbo xonnaste:^ a 
stated number of days of work per week 

Nothing of course was known of scientific agriculture, and the lot 
of the peasant and his animals was not a happy one a horse being worth 
100 sous and a peasant 38 sous in the eleventh century Fallowing was 
used in place of crop rotation and the cultivation of roots and grasses 
Gradually centralized feudal states emerged nationalism developed, and 
the monarchies began to revive This led to extensive colonization all 
o\er Europe from the eleventh to the fourteenth centuries With this 
came some attention to agriculture irrigation, development of grasslands 
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and foddei crops, and attempts to foster an empirical veterinary art and 
to improve livestock Studs v,cve set up to try to improve the horse for 
hoth V ar and commerce, and some sections became noted as mule-breed- 
ing distncts Cattle also received more attention from the standpoint of 
moat and milk as veil as draft Small animals, honever, continued to 
dominate, sheep taking the first rank Millions of sheep v ere to be found 
m the Low Countries, Trance, and Germany, as veil as huge migratoiy 
flocks in Spain and Italy There was improved cattle breeding in 
Scandmaaua by the twelfth century, and this region was exporting butter, 
cheese, fats, lard, and hides The art of fattening cattle on roots and 
legumes vas first developed in the Low Countries 

The eastern portion of the Roman Empire (the Byzantine) fared better 
following the crisis of the fifth or sixth centuries Tor 1,000 years, it 
held off or quickly recovered from the onslaughts of the barbarians It 
was realized that the two pillars of resistance were agriculture and 
military art Through an intelligent system of agricultural colonization, 
hundreds of thousands of outsiders, including barbarians, were absorbed 
into this Eastern Empire Agriculture, animal husbandry, and liorti- 
culUiro flourished, carl> Greek and Roman agricultural practices were 
rcMvcd, thereby creating the wealth that made this part of the world the 
envy of all men during the J^tiddlc Ages In the early part of the period 
the land was held largolj b}'* mdiiidual ouners, but by the tenth or 
clcicnlh century most of the lands had gotten into tlio hands of the 
Church or of largo landholders Slaacr>, howc\cr, was abolished, and 
the serfs were accorded pruilcges and rights, which stabilized rural life 
with the re‘inlt that disciplined labor ga-vc to the Eastern Empire its 
thief economic supremacy * 

The 1 nst llomsn Empire thu*» npcomplidicil, during the oirb Middle Ages a 
tvk of Mipronie imijortanrc It h id rccciinl undirmmslKvl the heritage of llomc 
and iiddol to it It left i pr<ifou»<l mark upon cverj kind of nork It ‘niccccdcil 
in colonuuiR the Chn»-tnn 1 inds of 1 'istern Euro\>c nnd it cu ihzoil the h irb mans 
rilhnu them to the fruitful lil>oun> of jieicc. It gtuc u i>o\sorful impul e to 
t\or\ form of economic nctiMtj, ami airneil the proiluctmn of wealth to the 
hiRhf^l pciinl If m the rhuiI order it onU hdf ‘'urccrdeil in protecting free 
Ktumr nnd (roe projxrti acon‘’t the exidoilntinn ind U'^urpitionn of the un«to- 
rmlip rUfxoil it >ct “Uppre<>H'd nnd ptroic with nil it** f^trcnptli toninm- 

tnin tl 0 mhhlK Ixdh iirlnn nnd roml T}iu«» it phccil m tlie inn of 
m wl o r tmdjtmn’i »l ramc<l an mid it wo.*? pirtb to Ih j»ntmm 

MUu- ossxf r r Ufr ftnl Work m Mmh \aJ I^iroi>r, pp GO-fl, \lfm! \. 
hf jf Ijk- Nfvr P»37 
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thit the -West m its turn iic.it to school to be prepared for its oivn civilizing 

mission 

Roman Agnoulture and Ammal H«sbandry.-The cn separate hdls 
ot Rome, settled at first by humble herders and hunters, n ere 
draun together mto the Septimontmm (League of the Setcu H.lls) an 
destined to become the ruling center of the greatest empire t 
had ea er knoim Agriculture m the surrounding region 
the grouth of the city and came to enjoy a real prosperity The unpa.u 
mihtia, consisting to a large extent ot small farmers, u as often called upon 
to protect the region from myaders, bnt the campaigns Mere seldom ol 
lone enough duration Ecnousl> to affect agricultural practice Ihis JS 
not true, ho^^c^e^, of the period from the First Punic War (against 
Carthage) in 2G4 b c do\\ n to the tune of the death of Augustus, a d 1‘* 


ri«j 9 — Statuettes of Roman an mala jn bronze first century b C to thud century a u 
(.Courtesy oj The Metropolitan Museum o/ Art ) 

These ^\e^e the times of Roman ^^ars of expansion, and they ttere long 
and bloody The middle class farmer bore the brunt, was slaughtered 
by thousands, tMth the result that a great deal of the property fell into 
the hands of a few nch owners In addition, thousands of the conquered 
ere brought to Rome and sold as slaves to work the land The earlier 
type of Roman agnculture gradually found itself unable to compete u ith 
outlying conquered temtones m the matter of supplying gram The 
type of agnculture, therefore, shifted to greater numbers of livestock, 
especially horses sheep and and to increases in orchards, vine- 

yards and gardens The country became almost deserted except for 
foreign sla\ cs and barbarians the drainage \\ orks fell mto rum and the 
old unhealthfulness returned ^ 

'Toutain J The Economic life of the Ancient World,’ p 234 Alfred A Knopf, 
Inc New'iork 1930 






ANIMAL BRLnDING—PHLSENT AND PAST 


31 


This transformation of rural economy led in the end to a social phenomenon of 
gre*it importance in the history of Rome The countryside was deserted by most 
of the small landowners and free tenants who came crowding into the towns and 
especially to Rome This influx of poor people, ruined by the new condition of 
farming enormously increased the mass of the Plebeians, which was at the same 
time swelled by increasing throngs of freedmen of foreign origin, Greek and 
Onental There was no longer a balance in the citizen body between the rural 
elements, which had once been haid working, productive, and level headed, and 
the urban proletariat, which grew more and more accustomed to call upon the 
State, the magistrates candidates for office and ambitious men of every kind 
for its food and amusement — 'panent et circcnses Rome ceased to be the capital 
of an essentially agricultural people whose wealth was mainly based on landed 
property and agricultural resources, it became a turbulent agglomeration, m 
which industry, trade, and money dealing assumed an importance hitherto 
unknowm 

The fonnat\oii of the Roman Empire near the beginning of the Chris 
tian Era brought Gaul, Spam, Africa, Greece, and Egypt under Roman 
mflucnce Rome demanded economic, politic il, and religious lojalty 
but allowed old native traditions, habits, and sentiments to persist, pro- 
^^dcd they did not mtcrfcrc w ith the loyalties she demanded Economic 
life m these conqueied areas went on much as before, though quickened 
by inclusion m a greater united whole Roman legions and fortifications 
held back the barbarian liordes on all sides and gave a comparatively 
long penod of Tclati\c peace throughout the Empire and m Rome itself, 
when the civil wars were cNtinguished 
So far as w e can leam^ there w ere no groat agncultui al innovations or 
Incstock improvements cither m Italy proper or in the other parts of the 
Empire during this time Of a slow, steady cv olutionaiy process, hou- 
o\cr, wc have reason to be assured Selection, no doubt, wont on in live- 
stock brccaling, and tlie long period of peace during the first tw o centuries 
of the Chnslinn Era was bound to have had its effects Wo get some 
indication of the relativ e import xnco of \ anous types of agnculturc m the 
Empire from the fact that Columella’s 13 books Dc rc rii^tica includo no 
whole book dev olcd to gram grow jng, 2^ books dc\ oted to w megrow ing, 
about 1 cich to fruit trees, including the olive, and to gardens, while 
livestock occupies I books 

Tlic Empire consisted of cities with surrounding agncuUimil lands, 
orchards, and \ inev ards Rev ond v\ cro to be found the p istoril nomads 
with tUcir flocks iiul hcrtls, and m Ihc hintcrl ind, the b irbamns Iv^ich 
ugion of IhnrmpirondaptM itscroiwnnd amm ds toils particul ir topo- 
^.mphit' d and tbmntic Conditions Annrtj tlicre was to be sure, m I in<ls, 
in s in nictluKls Mthouf.h there were 1 irgc C'^tivtts in all pirts 
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of the Empire a\ orked bj slaves or tenants, t}ic real backbone of the falm- 
lous old Roman Empire -was undoubtedlj to be found m the fatuitlj , indi- 
vidual small farmer, businessman, and trader He it ^^as -who created 
the wealth and provided the smews that made the Empire \Vlien this 
class for ^vhateve^ reason, was forced out of existence, the ^^grancleur 
that was Rome” quickly faded 

Beginning with the third century, the pOTver of Rome began to wane 
Slowly but surelj the ordered, progressive life m a well-tended countiy- 
side and in hundreds of cities with fine public buildings, temples, and 
homes was undermined by anarchj , insecuntj , and discord at home and by 
successive w a^ es of barbarians from the north and east Imperial edicts 
proved a poor substitute for the indmdual efforts of free men Thus 
the structure of the Empire was weakened from within and rendered 
highly vulnerable to attack by tnbes of vandals which gloried onlj m 
destruction, murder, and rapine So thoroughly did they carrj out their 
mission of destruction that by the seventh ccnlurj a once productive 
countryside had largely reverted to waste, the once proud cities were m 
rums, and the population cut m half 'ITiere was barely enough courage 
and initiative left to start the long tedious process of rebuilding, which 
w as to consume the next GOO or 700 years The effect on liv cstock breed- 
ing was particularly severe Herds and flocks were wantonly destroyed 
and their half starved remnants turned back to a state of nature 
Grecian Agriculture and Animal Husbandry — Before the time of Alex- 
ander, agncuUure and stockbreeding were one of the chief sources of 
wealth m Greece and her colonies Their stables and byres contained 
horses, cattle, sheep, swune, and goats which provided food, clothing 
milk, and power These early Greeks also kept bees, and the poultry 
yard contained geese ducks guinea fowl, and pigeons as well as hens 
The'e people also consumed vanous and sundry products of the field, 
grams vegetables, and fruits and their banquets and religious ceremonies 
called for the liberal use of wine In the early days of Greece, the stand 
ard of value was measured in terms of cattle, and among the prizes sug- 
gested by Achilles for the funeral games m honor of Patroclus were, 
besides mares and mules, a tnpod valued at 12 oxen and a slave girl 
valued at 4 oxen There was considerable barter mv olvmg the exchange 
of cattle for metals The Greek poems of the penod contain many refer- 
ences to wealth reckoned m terms of flocks and herds, just as m later 
Roman the word for money, pecuma, was denied from pecus, 

cattle The carhest known Greek coins date from the seventh century 
n c 

Economic activity at this time was mamly agricultural and pastoral 
pursuits which provided most of the wealth Through the period from 
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the eleventh to the fourth centuries B.c., some improvements in details of 
agriculture and animal husbandry are recorded, but there u'as no radical 
change in agricultural equipment or methods and no evidence of any 
marked development in stockbreeding practices. Much of the work was 
done hy slaves, though there were also indhddual farmers who owned and 
operated their farms as well as some farms that were run by hired labor. 



I’m JO — Stnluctto of Greek torso ia bronac, fifUi cenlurj a c. [CourUsif of The Mrtri>- 

iWUnn .J/uieum of 

^Vhcn AloNuntlcr of ^tnecdon led tlio Greeks to the conquest of Abia 
Minor and a new and rich agricultural cconoiny fell under Greek 

<lominutinn. Here they found a nourishing; livestock industry': 30,000 
mares with 300 btallions in one Htud in Syria, large herds of camels farther 
ea^t l)cU\oon Syria and the Kuphrates Valley. Great herds of oxen and 
hep-e^s uere found in the ^Nell-watered districts from the Me<litcrranean 
to the Ulack Sea with flocks of eheejiin the higher idateaus. Kven gre.ater 
nKricviUnral and livi^stoek wi*alth awaited them in h'gj’pt in bpile of the 
nti-'nile of the PcP'ians dtiring the two preeeih'ng centuries. ICg>q>t now* 
Ix'tMine the grauarj' t>f the Me<Utprrancan world in addition to supplying 
c<«imt!e<>< odter \eKota!»le and aromatic piXHlucla as well as fnjit*<. 
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Ll^ cstock too abounded m EgjT)t horses cattle sheep goats poultrj 
of \ anous sorts and the real beast of burden man s felloAN u orker in the 
fields and on the roads the lowly ass In addition FgjTit supplied all 
■jorts of wild game gazelle antelope wild ox goat hare hjena lion 
hippopotamus crocodile and \anous waterfowl Thus a whole new 
uorld was opened up bj the Greek conquest There were huge temple 
properties and royal domains in both Asia Minor and Egjqjt fke former 
apparently worked da\DS and the latter by ro>al farmers who were 
somewhat of the nature of serfs and tenants as well as b> salaned 
workers In addition, there were large estates worked by tenants and 
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kno^™. Cattle are shown being used to pull a eiudo wooden plow; others 
are shown grazing in pasture and still others being milked (after their 
hind legs had been tied to prevent kicking). Donkeys too arc much in 
evidence, but the horse was apparently unknown to the Egyptian at this 
time, not appealing there until about 1700 n.c. At the Plain of Shinar, 
later known as Babylon, carvings and drawings from about the same 
time show oxen at the plow, sheep and goats at pasture, and donkeys 
pulling wheeled carts and chariots, the wheel appearing here for the first 
time. Horses made their appearance in Western civilization about 200 
B.c. when they were brought to Babylon by the conquering mountain 










Fio 12 — WnU painting of Egyptian hunter during XVHI dynasty, about 1400 b c. 
{Courtesy of The Metropolitan Atuseum of Art ) 

Kassitcs, AN ho in turn bad gotten the domesticated horse from tribes to 
the north and cast. To the north of Babylon A\as another early civiliza- 
tion, the Assyrian, Avith its capital at Nineveh. These people too had 
herds o{ o\cn, sheep, and goats, and used donkeys for draft purposes. 
They also had domesticated horses Avhich, together Avith their aa capons of 
iron, they used vciy effectively in their conquests of neighboring regions. 
The peoples A\ho made the Babylonian, Assyrian, and Chaldean empires 
came largely from the grassland fringes of the Arabian desert. 

In tho norlh Avas a second fount of nomadic conquerors located in the 
grasslands stretching from the loAicr Danube along the north side of the 
Black Sea through southern Rus.sia and into Asia. This a\ as a a\ liitc race 
called Indo-Europciin, and most of the people aaIio an ill read tliis book are 
their descendants. Their original home wa-s the grassy btcpi>e east and 
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northeast of the Caspran Sea Thig^ ivcre nomadic tnbcs follow mg their 
flocks and herds on horseback and using horses for draft These people 
u ere the ancestors of the Greeks and Homans and of most of the peoples 
of Western Europe and America Their bnguage group is Arj an, u hich 
includes English German Latin Greek, old Persian, and East Indian 
although these people thcmscli cs n ere inthout u nting The Modes and 
the Persians acre but the Eastern iiing of this movement of onginal 
Northern nomads 

Here the historical record fades out IMiat preceded it m the field of 
agnculture and animal husbandr> can only be surmised from occasional 
relics This historical record m e ha\ e traced backi\ ard from the present 
a period covering about 5 000 j ears We have noted some progress but 
the tempo of change v as \ cry slow We arc perhaps justified in assuming 
that the period from the earliest domestication of animals up to this 
beginning of the histoncal record occupied a much longer time 

Summary — We have tned m this chapter to start from the known 
facts about our ll^ estock situation of todaj and trace it backw ard to its 
historical beginnings In these few pages \\ e have covered 6,000 years 
of man’s struggle from barbarism to a certain state of cmlization Much 
vas accomplished, but a vast deal more still remains to be done With 
out any sure knowledge, except what he could obsen e m the gross, man 
has made tremendous strides foniard m breeding better livestock aided 
materially, of course, by better bousing and management and especiall} 
bj better feeding For marked progress in ammal breeding we need 
knowledge of pnnciples ideals, and good feeds together with peace or at 
least freedom from m\ asion All these except the first w ere finally pres- 
ent in England dunng the eighteenth century and it w as there and then 
that the foundations of our modem breeds ere laid 
i 
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CIIAPTHR II 

EARLY MAN AND ANIMAL DOMESTICATION 

Man IS a latt arm a\ on the planet P artl* Wien he arn\ cd, he found 
the earth already inhabited hj in>riid forms of livinR thtnRS He ^'as 
apparently just another in a long senes of creations c\tcnding hack for 
hundreds of millions of j ears to the beginning of life just another mani 
festation of the great stream of life that far transcends man’s o\s n immc- 
d ate interests Before him, m time, had armed man> of the other 
mammals as \\ ell us the birds, reptiles, amplnbia, fish, and a hole host 
of invertebrate forms 

It is estimated that life has existed on this planet for about 1,200 
million years Up to about 500 million > cars ago, the only animal forms 
•were creatures ^\lthout backbones, the mxcrtcliratcs The xertebrates, 
animals XMth backbones and an internal skeleton, appeared about -180 
million j ears ago, the first land living forms about 350 million jears ago 
the mammals about IGO million years ago 7/omo sapiens (vmso man) 
about 25 000 years ago and v\c have sometlung of a historical record of 
his doings for about 5 000 jears 

The record yielding the above facts is written m the rocks of the 
earth’s crust The time intervals are calculated on the basis of the rate 
of breakdown of certain rare minerals and for more recent periods by 
counting the annual glacial varves Even the ancients must hav c sensed 
something of the span of time when they wTote “A thousand jears m 
Thy sight are but as yesterday when it is past ‘ In these trying times 
facts such as the above should give us new courage In a ndiculously 
short span of time man has made tremendous strides forw ard To say, 
as IS sometimes done that human nature does not change is but to show 
one’s ignorance of the facts Present man is probably very different 
intellectually morally and spiritually from his forebears of 50 000 j ears 
ago In a few hundred years recent man has come largely to understand 
and to be the master of his natural world True the much more difficult 
task of becoming master of himself yet remains but in the light of the 
accomplishments of the stream of life over the past billion years this does 
not seem to be an impossible tasl 

The first skeleton of modem man appears in the geological record 
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about 25,000 3 ears ago Stai ting M ith Pithecanthropus crcctus (ivalkmg 
ape man), who dates back from >4 to 1 imllion years, an incomplete and 
rather sketchy series of prehuman forms runs on don n and finally emerges 
as modem man Man is included m the Prunates, a group of animals 
comprising the lemurs, monkeys, apes, and man This does not mean 
that man has descended from monkeys but probably that man, monkeys, 
and the great apes are all offshoots of a common progenitor uhose identity 
IS still uncertain The apes, therefore, are our cousins and not our direct 
ancestors 

The primates as a class are not of very recent ongm, for fossil remains 
of the lemurs are knoum from the Oligoccne and Eocene periods, r c , 35 to 
55 million years ago It is impossible to say 3 \hen the stock that uas 
crentually to form man split off from the parent stock, though it is 
believed that both man and the modem apes are descendants of a common 
progenitor m the Ccnozoic period Neither is it Imoun uhere, geo- 
graphically, the split occurred, though either Asia or Afiica seems the 
most probable, or vhether there was one split or several in scattered 
localities 

The close relationship between the great apes and man is attested by 
the striking similarities in all their ph 3 Sical charactenstics One can 
eisily point out differences between a gorilla and a man, but a detailed 
study would show very much more similarity than difference between 
these species The monke 3 s and apes excel in certain respects — ^man in 
others The most striking variations m man are, of course, the upnght 
gait, which frees the hand to become a grasping, tool-making and -using 
organ, anti the dciclopmcnt of the brain Man’s brain is the finest 
creation of the evolutionaiy process and is not to be thought of as some- 
thing supernatural, miraculous, or of sudden appearance It is a slow, 
progrcssia e dei clopmcnt of evolution and still manifests a w ido range of 
aanation 

Early Eoremnners of Man. Pithecanthropus crcctus — This, the ape 
man of Tax a, w as discox cretl hr Dr E Dubois of Holland on the island 
of Ilia a in 1891 The find w is made do ft below the present lo\ cl of the 
terrain m association with 27 different Minetics inainlj of extinct mam- 
mals but including the deer, boar, elephant, and hippopotamus Tho 
fiiid consisted of a skull cap, a left tliighbonc, two upper molar teeth, a 
lower premol ir, and a fnigment of a lower j iw and is gcncnlK dated ns 
ofiirh to middle Pleisiou 111 . \gc The skull c ip is thick-w died and has 
a cram il cap ii ili of nlioiit 'WO cc , which is somewhat below the lower 
limit of prconl-iln bum in skull capuitx, ind Hit brim gucs tiidinco 
of iK-ing ctivs, r m fonn to tin human than to the ai>c T he skull cap 
mdiritts a low cram d \ mil and a narrow rt ceding forehead, and it has a 
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TABii 7 — CoHUic on Astronomic Timv Chart* 
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\ery dl developed supraorbital iidge that is suggestive of the great 
African apes The thighbone indicates an upright, bipedal posture, and, 
judging from this bone, the creature stood about ft in height The 
tw 0 molar teeth are non thought to he those of an orang, although another 
much more humanlike tooth was found in the same stratum sometime 
Intel, ■nhicli, if it really belonged to Pithecanthropus, adds another to 
this creatiire^s manlike characteristics 

ftTietlici Pithccantliropus was a direct ancestor (missing link) or just 
a collateral relative is still a question At any rate, he still remains the 
lowest loiown member of the family Hommidae Since no tools or 
artifacts were found associated uith these bones, ive can guess nothing as 
to Sib degioo o! BultuiB that xaemheTs of this race had attained, tliough it 
scorns safe to assume that any culture they may have possessed w as of a 
\ ery pnmitii o type 

Another find (liy Dr G H It von Koenigsw aide) m as made m Java 
in 103C This w as the skull of an infant about one to two years of age, 
though the teeth, which w ould giv c the best indication ns to age, w ere not 
found The capacitj and characteristics of this skull seem to place it in 
the Pithecanthropus group of the lower to middle Pleistocene, although 
some authorities w ould designate it as a skull of an infant Solo man of 
upper Pleistocene age In 1937, Di a on ICoenigsw aide found an adult 
Pithecanthropus skull in Java including four teeth of undoubted human 
form though of great size This skull has an estimated capacity of about 
7"i0 CO More rocontlj a fourth specimen of Pithecanthropus was found 
of the same general tj po 

Sinanthropus pekmensts (Pcktiip Man) — ^Thc finding of human teeth 
in cai e deposits near Peking China m 1920 and 1927 led to further search 
111 this region for human remains The search w as row aided in 1929 w hen 
Dr tv C Pci of Cliiiia found a iicarlj complete skull Another skull 
■was found m 1930, and since that time many fragmentan skulls, teeth, 
and p irts of skclclons liai c licen discoacrcil In 1930, three more skulls 
were discoicreil, inchiding some of tlie facial bones The first skull had a 
cram il capacitj of soniellimg mcr 900 cc . and the capacitj of the second 
was somewhat greater The three 1 itter skulls Imi e capacities of 1,200, 
1,100, mil 1,050 cc , the last prolnblj a female 

The gtmnil form of these skulls is simil ir to that of Pilhecanthropiis, 
tin tis tb are of human l\nio and 1 irgi r th in those of recent man though 
there is still no chin Associ iteil animal fossils indicite tint these men 
liMsl at alwiit the nine turn as the Ia\a man, n; , during the middle 
ITi istoci ne , 1 r , too 000 to I ' . inilhim a e in ago It seems estahhsheil 
iKii the Piking m in inssl fin iiid h ,d cnide implements and tools m ide 
of ihijijied stoui or the bones of Pko gnrsler linim ciparift 
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and manlike teeth perhaps place Sinanthropus a little higher m the scale 
than Pithecanthropus 

Loanthropus dausoni {Piltdoum Man)— This di^co\er 3 was made b> 
Charles Da\%son m 1911-1912 It consisted of se\eral fragments of a 
human skull much like that of a modem except for its cxccssi% e thickness 
of bone, and, in close proximity, the right lialf of a louer ]a^\ containing 
two molar teeth This portion of jaw is xerj similar to that of a chim- 
panzee, a creature howexer, nc\er found fossilized in England Later 
finds near Piltdown of skull fragments and teeth tend to confirm the 
once-doubted fact that the skull and jaw belonged onginally to the same 
creature The cranial capacity seems to l>c about 1,200 cc , and the fore- 
head not only lacked the supraorbital ndge but was quite xcrtical The 
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iCourtay of The American Muteum of Natural Uitiory ) 


apelike lower jaw has no chin but its jaw socket is formed as in Homo 
sapiens A chipped flint and a laige bone implement w ere found in the 
deposit that is generally accepted as being of early Pleistocene These 
fo&sils ha\ e caused a great deal of argument among anthropologists and 
it 13 still not clear where the Piltdown man fits in the general scheme of 
man’s forerunners 

Homo heidelbergensts {Heidelberg Man) — This find of a lower jaw, 
was made by Professor Schoetensach at Mauer near Heidelberg Ger 
many, m 1907 in mer sand 79 ft below the present surface m a stratum 
that had yielded many bones of Pleistocene animals This individual 
is thought to ha\e lived 150 000 to 3(» 000 years ago The jaw, while 
X cry heaxTr has teeth that are entirely human Js o artifacts w ere found 
associated w ith this jaw so that nothing can be guessed as to the cultural 
status prex ailing during hia time Again it is impossible to assign a 
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definite place to this undoubted foieranner of man It should be noticed 
that we have heremth used for the first time the genus name for man — 
Homo That is to say hnddbergmsis appears human enough to be placed 
m the same genus with present man— but he is not yet called sapiens 
(wise) 

Homo ncauderihalcnsts {Neanderthal ALan) We now reach a type 
concerning which something more definite may be said Tirst of all, 
Neanderthal man spread over the continent of Europe, into the Channel 
islands, and into Palestme He had a well-defined flint-tool industry, 
used file, probably buried his dead, lived contemporaneously with the 
reindeer, wold horse, cave bear, and woolly mammoth durmg a time 
extending from 200,000 dowm to 25,000 years ago 

The first hnoivn Neanderthal shull was found in 1848 at Gibraltai, 
though it was not recognized ns such or studied until 1906 It was that 
of a female with a brain capacity of about 1,300 cc The discovery at 
Neanderthal occurred m 1856 This skull has a very low vault, heavy 
supraorbital ridges, and manv unusual features in the arm and leg bones 
One of the most complete skeletons thus far discovered w as found at 
the care of I a Chapelle au\-Samts in Trance in 1908 This was an 
almost complete skeleton w hich had been buned in the floor of the cave 
It has been studied m complete detail by Prof M BouIeofPoris Other 
Neanderthal skeletons or parts thereof have been discovered in various 
parts of Trance, Germany, Italy, Yugoslavia, Palestme, and in the 
Crimean Peninsula on the Black Sea As would be expected, there is 
considerable variation in these skeletons, but no basis as yet exists for 
breaking ncandcrlhalcnsis up into several “races “ 

The general tjpc is that of a short, heavy-boned man The brain 
capacity, both sexes considered, vanes from about 1 ,100 to 1,600 cc The 
head is long but does not extend x cry high above the ears T here is a 
huge supraorbital ridge, a retreating forehead, largo eje orbits, a wide 
and rather prominent (not flat) nose, long upper lip, and little or no chin 
The forearm and shin are short in comparison with the arm and thigh, 
the thumb is opposable, the big toe not (just as in modern man), and 
there arc several apelike cliiraclcrs about the feet NmndcrthaUnsis 
probablj walked more uprightlj than manj artists hav o represented 
Tins burned hurvej of man’s forcninners has brought us down to the 
lust phase of the Old Stone or earlj stages of the New Stone Ago Our 
lest reprcHiilation of premnn, ncamlcrlhalcnsf!, lived durmg the Old 
Slone or Pah olitbic Age lleliiidcomc ilollgwaj from Pitbceantliropiis 
ill pbjsicil boiutv and probiblv had progrevsid mcntalh as well So 
fur LS IS known, be w is still a hunter and food gatherer He Ind, Imn- 
eur, li imnl to ni ike and use fire, which, together with Ins carllir tool- 
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maVmB an .mportanl atop m hw cmanc.pat.on from an'TO"'^™' >1 
bondnRG Xo ono knons lion lie liicrl, Imt unaoubtcdl} it lias a r t lie 
precarious eMstcnco-killiiig or catcliim; ciioiiKli Kimc to puce out 
roots, bcrncs ami seeds Mliiel. lie could find, and all the time in danR 
himsdf of being deioured To loam lion best to hunt or fis i 1. 
foods Mould nourish and Mli.cli kill lias a lonR sloii 
once learned it lias iindoul.te.ll} quickl} absorbed into >“ “ 

tradition and passed along to each neii generation Considerable ski , 
courage and cooperative effort -v\crc wndouhtcdl> needed to hunt tne 
mammoth, bison, uild hone, and rtmdccr that ro imcd over the steppes 
and plains Thc‘=e hunters undoubtcdlv folloucd the herds as tne> 
migrated, north to Russia and Silkina— south to the Danube basin e 
get a glimpse of the fauna of tlic upper ralcohthic through the 
these peoples carved animals in stone or ivorj , drew and painted em 
on the walls of their caves, and modeled them m ch> 

These hunters and food gatherers were content to live on what nature 
provided though undoubtcdl> tlicy progress^ cl\ improved their metho s 
of seizing what nature offered Ihe first great forwanl step— that from 
food gathering to food pro<lucmg— had to await the arrival of a more 
ambitious more intelligent man than // ncandeTtholams and the wai 


vs as not to be long 

Homo sapiens {Modem Man) — WTierc «npien« came from and when 
he arrived is not definitely known \\c sec ncandcrtkalensts surviving 
for perhaps a few thousand years following the last glacial period, saj 
until 23 000 years ago Then ho seems buddcnlj to have disappeared 
and to have been replaced by II sapiens This occurred in the last stages 
of the Paleolithic, which merged with tlie Ivcolithic or New Stone Vge 
about 10 000 years ago Speculations regarding the ongm of earlj 
sapiens and his relation to the modem races of man hav e been numerous, 
actual data m the case are about negligible Did he {te , II sapiens) 
come in from Asia or from Afnca to blend with or totallj supplant 
neanderthalensis? Or did the latter evolve into sapiens? All w e can do 
at present is to ask the questions and hope the future may provude an 
ans^\ er 

The "Grimaldi Race — ^Near Monaco on the Mediterranean coast m 
the so-called ‘ Gnmaldi caves there were discovered in 1901 two skele- 
tons, one of a woman the other of a fourteen j ear-old boy These 
skeletons are of a distinct type Both of them w ere about 5 ft , 2 or 
3 m tall The leg and arm bones and more particularly the head and 
facial bones are strongly su^estive of negroid charactenstics They 
have caused considerable ai^ument in anthropological quarters but the 
bulk of opinion now inclines to the belief that they were not representativ e 
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of a distinct “Grimaldi race” but ratlier an early^and primitive example 
of a late Paleolithic stock— the Cro-Magnon. 

Cro-ii/aifnon Man . — This vas the name assigned to five skeletons that 
were found buried in the Cro-Magnon rock shelter in the Dordogne, 
France, in 18G8. Other finds of this type have been made in various 
parts of Western Europe. This ^vas probably a fairly tall race, vdth 
long heads, a high vertical forehead, short, broad face, prominent nose 
and chin. The shin and forearm Avere long in comparison with thigh and 
upper arm. This type of man, Imng in the late paleolithic or Old Stone 
Age, had a well-developed culture. Certainly the}*- made quantities'of 
flint and bone tools and were excellent artists and sculptors. Their ori- 


1 to. 1 1. — Neolithic tnan of the CorapiBnion StORo. Mural pamting by Charles R. Knight. 
(Cotirtc*!/ of The vlmcricaii Museum of Natural History.) 

gin is not yet known, and it is believed that they inteiminglcd with other 
stocks, and perhaps traces of them arc still to be found in men living 
lod.ay. What tv fascinating thing it would bo if you and I could trace 
just one line of our pedigree back to the year, say, 13,000 n.c. just to 
make the wig'll modemte! 

SoYcnvl other fo'%sil remains of man liavc boon discovered, n'r., Wadjak 
man (Dr. E. Dubois) and Solo man (W. F. F. Oppcnvortli) from Asia; 
Uhodesian man (-V, S, Woodwattl) and Boskop man (Dr. It. Broom) from 
Africa. But the^c, together with several other finds, it has not been 
poViiile to pl.icc vilh any degree of satisfaction in the general pedigree 
of inankind or his collaterals. 

In nil this length of time, from perhaps 1 million years ago down to 
lO.tKM) or 12,000 years ago, man travehnl his difficult way without the 
aid of u w'tthsl agriiulture and animal hiisbaiulrj'. The wonder is of 
coufM* that he survivtsl at all. lie lived sitlc bji* siile with many oIIut 
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mammals soma c^t.a^t somooU.net "f liter' 

man 1ms used an.mals for foo,l nnd thcr skms tor clot InnK and sl.elt« 
Tins raleohthic liunlmK stigc has pcrsisld in some places rmlit iloim 
relatively to the present cg.m Alistr dm Urica and America 

Himtme Stage —The exact times and places of the domestication ot 
plants are ot course unknonai and there has been much debate as o 
whether agriculture preceded or folloncd the domestication of animals 
Opinion at the present leans to the tolloiimg sequence first hunting, 
then a hoe or hand culture then animal domestication, then ngriciiltlirc 
or an animal pover culture nnd finally, the cxtcnsice dcxclopmcnt ol 
herds and tlocks into a pastoral culture, although herding may hato 


preceded agriculture m certain areas 

Certamlj, \\e are justified m assuming the hunting stage to Iia\c 
preceded all forms of agncullurc or animal husbandrj Mm h\cd a 
this time on i\hat roots bemes and seeds he could find nnd on suci 
insects animals and fish as he could catch Graduallj Mccanimnguic 
he improved his techniques for finding sources of food nnd utilizing these 
natural sources so that they Mould return a better jacld 1 ikcMi«o his 
techniques of hunting and fishing improacd He learned to trap and 
spear fish to make ingenious traps and pits into uhich animals could bo 
lured or dnien and to disguise himself under the skin or hide of the 
animal he Mas hunting m order to permit a closer approach In this 
stage it seems safe to assume th it the men gencrallj peoMded the meat 
portion of the diet Mhilo thoMomen largely supplied the Ncgetablc prod 
ucts This has led to the assumption that Momcn Mcro probabl} the 
real instigators of agriculture 

During this stage of man s desvelopmcnt he had to make the best of 
hiS oivn particular environment Some regions no doubt provided 
ample game and fish and little food of a vegetable nature mIuIc in some 
other regions the reverse situation m as encountered Man being omniv o- 
rous this type of enforced adaptation Mould present no \erj great 
difficulties There were undoubtedly m ide \ anations dunng this early 
hunting or food gathering stage of man s existence It has sometimes 
been assumed that these hunters Mere extensive roamers but it seems 
more logical to think of each group confining itself to a rclativ ely small 
area where they would not come into direct conflict Mith other groups 
Under these conditions children are a distinct liability and it seems 
probable that groups increased at a very slow, rate 

Early Plant Culture — Somewhere man took h s first decisiv e step that 
M as eventually destined to lead him up out of savagery He had been 
utihz ng such vegetable products as nature had provided him just as 
he found them Now however he begins to try to control this source 
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of sustenance. He takes "wild grasses, wheat, tyc, oats, corn, and various 
bulbs, tubers, and trees and tries in his crude way to control^ and assist 
their growth by scratching and preparing the soil, removing weeds, 
protecting them from animats, and, finally, probably after seeing their 
more luxuriant growth on dung and refuse heaps, by actually feeding the 
plants. Thus in many parts of the world and under a great variety 
of conditions our grains, tubers, and fruits were brought under man’s 
conscious control. Later the creation of one region found its w’ay to a 
new locality where it sometimes was added to the local accomplishments, 
and sometimes it totally superseded and displaced the old. This momen~ 
tous step in man’s history occurred after the last glacial period, probably 
in the early part of the Neolithic. 

Closely associated with agriculture was the art of storing and preserv- 
ing food. Just when it developed is not proved, though man had no 
doubt been observing similar activities on the part of animals for a long 
time. In fact, to have survived at all it seems that man must early 
have learned how to store up food to tide over periods of shortage. At 
any rate, after the domestication of plants, there would be more to 
preserve, and any process that causes man to take forethought is a 
considerable stimulus to civilization, for it embraces the feature of man’s 
nature which more than any other thing differentiates him from other 
animal forms. This earliest stage of plant culture (sometimes called 
“hoc culture”) does not imply the use of domestic animals. 

The Metal Ages. — The paleolithic, or Old Stone Age, noth its crude 
stone and bone implements, gradually merged into the Neolithic, or 
New Stone Age, with its polished stone and bone tools and implements, 
about 10,000 years ago. Sometime during the Fafeoffthfe Age man 
learned to use fire, but he had no agriculture and probably no domestic 
animals except perhaps the dog. Sometime during the Neolithic, agri- 
culture and animal domestication came into being, and these peoples 
learned how to build shelters of wood. 

The ancient stone ages were finally superseded by the various ages 
of metals, hletnls reached Southeastern Europe soon after 3000 b.c. 
hut did not penetrate to Northern and Western Europe until nearly 
2000 n.c. The first metals used were copper and its alloy of tin, bronze. 
Tliis was followed about 1000 B.c. by the Iron Age. Thus the three 
great ages of stone, bronze, and iron followed and blended into each 
other, although their dates in different localities may have differed by a 
thousand years or more, so that Hronze Age here may have been Iron Ago 
there. ^Yilh the develoiimcnt of better and more durable tools, the 
improvement of ngriculUiral and animal-husbandry practices, civilization 
developed new impetus. 
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Domestication of Animals -Tiisl nhon the domest.cation of ammU 
began IS linl nonn, it cert imlj nns long before tboro Mas anj tl.oi^t 
of, or means for, recordmf; bi^toncil diti Domcsticatjon -verj 
began at the end of the Old Slone Age and rccc.%cd decided impel 
during the iSeM Stone Age Lach domestic animal has had a rata 
restricted and humble origin, jet through const int Fclection for 
another character all of the multifarious forms haac c\oUed— «o 
useful, some ornamental, some baaing both {jinlitics, an som 

neither Selection alwajs has been and always Mill be the kcj toanima 

breeding . , 

Although the exact beginning of the domestication of anima 
unknown it seems logical to infer that, a\itb the possible exception o 
the dog it arose when man ceased to he purely a hunter and adopt a 
more or less settled mode of living Tins new mode of living deman 
that food bo close at hand This in turn necessitated plant and anima 
Culture From that remote time to tlic present, man has been growing 
plants and animals, selecting promising variations, and cv cntuallj csta 
lishmg pure strains of plants and pure breeds of animals Plants an 
animals have both reached a stage of marked cfricicncj through long 
penods of breeding Superior animals were no doubt developed bj cac 
of the ancient cmUzations and suffcreil retrogression w ith the decline o 
the civilization of which such development was a product 

Though its exact time, origin, and mechanism are, and perhaps alua^ 
will remain, wholly unknown, animal domestication continues to be a 
lively field for discussion It is true, also that if we knew the pedigrees 
of all our animals back to the very ongm of the mammals we mign*' 
not be any better fitted to breed good livestock today Still we hke 1° 
tr> to piece the scattered details together into a theory that seems to 
have some degree of plausibilitj Of one thing we can probablj he 
certain, viz that Iseolithic man did not hatch full blown the idea that 
animals could help him m his difficult struggle for existence This is 
undoubtedly true for the reason that at that time swine did not fatten 
rapidly, sheep produced no wool cows gave onlj enough milk for their 
calves and the wild horse was probablj quite intractable True, animals 
have been of untold benefit to man but their potentialities hav e been 
rev ealed bit by bit over a period of thouKinds of j ears 

All our larger farm animals belong to one order, the ungulates or 
hoofed animals cattle sheep and goats to one smaller group, Pecora 
Why did man select just the animals which he did for domestication^ 
Did he try to domesticate many others and fail^ True when v\e hst 
all mans domestic animals we have quite an arraj — horse, ass, cattle 
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yak, water buffalo, sheep, goat, swine, camel, llama, elephant, dog, cat, 
leindeer, guinea pig, rabbit, rat, mouse, poultry, turkey, duck, goose, 
guinea, sillworm, honeybee — and wlio loiows that other conquests will 
be made in the future? 

For successful domestication, of course, animals had to Iiave the 
proclivity of breeding in captivity as well as a certain degree of tract- 
ability. The dog has had a varied history under domestication. It is 
thought that he started out as a scavenger living on the outskirts of 
'man’s settlements. From this he grew to be a pet, companion, herder, 
and protector, an ally in the chase, a source of food, clothing, and tractive 
power. "No other animal has filled so many human needs as the dog. 
The reindeer, on the other hand, probably owes his domesticity to his 
fondness for human urine, which he apparently considers quite a delicacy 
as a source of salt. Many fowl were apparently domesticated for magic 
and religious purposes and at the time laid very few eggs. Some tribes 
domesticated the pigeon just because they liked its looks. In other 
words, ^ many animals have been domesticated for a variety of reasons, 
none of which was practical. Even today some native tribes keep vast 
herds of cattle merely for the pleasure of possession. 

On the contrary, travel in the desert without the aid of the camel or 
in the arctic without the reindeer or dog would have been difficult, if not 
impossible, as these animals often provide milk as well as transportation 
and often feed themselves in the bargain. On the contrary, the Egyp- 
tians made no use of their hogs and sheep as food, and the Chinese used 
cattle for thousands of years as beasts of burden but never used their 
milk. 

It seems probable that there were several centers of domestication, 
hut where they were is not known. It is generally accepted that the 
dog was domesticated, probably from the wolf with whom he 'will still 
mate successfully, in the late Paleolithic or early Neolithic. There is 
no safe or accepted chronological order for the domestication of the 
larger farm animals. Drawings of cattle, sheep, hogs, and donkeys 
occur in Egj'plian writings dating back to 3000 or 4000 b.c. The horse 
is mentioned in Babylonian writing about 2300 n.c. and appears in Egypt 
about 1700 n.c. Camels arc mentioned in Alesopotamin in 1100 b.c. 
How much earlier the actual domestication may have taken place is, of 
coui^o, unknown. 

Influence of Domestication on, Civilization.— ^lany factors have 
inducnced the development of civilization, such as the development of 
speech and writing, the use of tools, the discovery of fire, and the harness- 
ing of steam mid electricity. Along with those we must also place the 
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development of nBnculturc end the domcl.c .t,on of nn.mni. Cert on 

,t IB that without agncnltore and domestic 00110011 man " j 

Bitj still be a nomid and Imnler -llic dornoit, cation o p anti and 

onmals furniil.cd the maRic "open sei line that hcekoned t 

1,18 dirty pinched cue to estahliih i lilorioili 

build great dies li> liftinR pl.yiieal labor from '"“t 

freed Ins mmd for the development of science les vicll ai for the co 

temptation of the beautiful Domestic animal, l.av e long 

most dependable friends and strongcit allies in hi, tn,k of ™n<p cn 8 

the world in which he live, Alt the cnerg} on tin, planet ongina 

tho sun and the majontj of it 1, stordl here in forms that man cm 

me directlj , c a gras, stmw , stalks etc Domestic animal, are me ciy 

machine, that man ha, adapted to convert these stores of o 1 

unusable energy into useful formn 

Before he domesticated plants and animals, man vns a sa^n|;e w 
\atcd largely by scirishnci.s with little mcentu c to pro\ idc for the future 
I il e little children the savage is inchneil not to look beyond his 
interests and pleasures lie h\cs m the present with little ^ , 

tho future Coming into pos< 5 csston of animals changed this for t 
future wants must bo foremen and protidcd for if the> arc to be of any 
real service Hocks and herds must also have had a marked tem 
®ncy to broaden the sympathies of the sat ago— m short to lead um 
out of savagery and start him on his journey tow ard ci\ ihzation 0 *^ 1 ^ 
civilization is greatly indebtcil to domestic animals though for the mos 
part we are inclined to take their contnbulion ns a matter of course 
There « no instance of any race or tribe of man having reached a hig 
state of civilization without the aid of domestic animals and the leading 
and conquering nations ha\e always been far advanced in the arts o 
husbandry Domesticated animals liavc nourished as well as rcinforcco 
man s sinews quickened his mind and broadened his sympathies so tna 
it 13 hardly too much to say that the development of ciNilization had to 
wait upon the domestication of animaU even though civilization may 
always have gotten its start in grasslands or centers of gram culture 
which could be carried out by unaided human labor 

The Dog — Available evidence indicates that the dog was the first 
animal domesticated by man to be followed next by the even toed 
ungulates or artiodactyls cattle sheep and swine and finally by ® 
representative of the perissodactyls or odd toed ungulates the horse 
Besides being first in time the dog still holds first place as man s com 
pamon Cuvier the great French naturalist wrote 

The dog IS the most complete the most remarkable and the most useful con 
quest ever made by man Every species has become our property each mdi 
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vidual is altogether devoted to his master, assumes his manners, knows and 
defends his goods, and remains attached to him until death; and all this proceeds 
neither from want nor constraint, but solely from true gratitude and friendshijn 
The swiftness, the strength, and the scent of the dog have created for man a 
powerful ally against other animals and were, perliaps, necessary to the establish- 
ment of society. He is the only animal which has followed man through cveiy 
region of the earth. 

The following portion of a poem by 'Walter Scott depicting the faith- 
fulness of the dog was inspired by the storj'' of a young man Nvho lost his 
life by falling from one of the precipice^ of Mt. Helvellyn. Three months 
later his remains were discovered at the bottom of a ravine, and bis 
faithful dog, almost a skeleton, still guarding them. 

Darkgrcen was the spot: mid the bromi mountain heather 
Where the pilgiim of nature lay stretched in decay; 

Like the corpse of an outcast, abandoned to weather, 

Till the mountain winds wasted the tenantless clay; 

Nor yet quite deserted, though lonely extender), 

For, faithful in death, his mute favorite attended, 

The much loved remains of her master defended 
And chased the hill-fox and the raven away. 

How long didst thou think that his silence was slumber? 

When the wind waved Ids garments how oft didst thou start? 

How many long days and long weeks didst thou number 
Ere he faded before thee, the friend of thy heart? 

The dog, an unguiculate, i.e., having claws or nails rather than hoofs 
(ungufate), befongs to the order of mammafs known as the Carnivora, 
meaning flesh eaters. There are two suborders of the Carnivora, the 
aquatic carnivores, or Pinnepedia, such as the seals and walruses, and 
the land carnivores, or Fissipedia, including the dogs, cats, bears, etc. 
The Carnivora have small incisor and large canine teeth with the anterior 
molars or prcmolars usually modified for shearing. The Pissipedia 
include the following families, the Viverridae (genets), Felidae (cats), 
Ilyaenidac (hyenas), hlustelidae (weasels), Procyomdae (raccoons), 
TJrsidac (bears), Protelidae (earth wolves), and the Canidae (dogs, 
wolves, etc.). 

The chief genus of the family Canidae is that called Canis. In this 
genus tn*c to be found modem domesticated dogs, Canis familiarts; as 
veil as the wolves, C. hipus, etc.; the jackals, C. aureus, etc.; and the 
foxes, C. (Iccussalus, etc. The chief dilTcrcnccs between those four species 
of Canis lie in the shape of tlic eye and its pupil. The dog, the wolf, 
juul the jackal arc interfcrlile, and their gestation periods arc of similar 
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length The clog has fi\ c toes on the front feet and fovir on the hind feet 
The tjpical dentition m tlusfftmilj is 
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Ongtn and Dome^licalton of the Dog — The ancient ancestry 
dog IS very little kno\\n Owing to the closeness of the anatomical and 
bkeletal features of the dog and the wolf, it is ciuite generally stated 



that the dog .5 an off*oot of the tvoU tnbe Possibly savage tanteW 
capturesl „oU pupp.es and took them home to amuse the children and 

an, ! oi" "r time the v olf gradually lost his ferocity 

and aloofness and learned hop to bark joyousls at his master s approach 
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The jackal of the Old World, i smaller, more yello-wish -wild dog and 
much less ferocious than the u oU, is believed by some to be the pi ogenitor 
of the dog This strain is also much moic easily t imed th in is the uolf 
Some also have suggested that the dog arose ns a result of a cross bctu een 
volves and jackals Nothing definite, houever, is knorni regarding the 
dog's progemtors 

Various breeds of dogs existed during the Roman classical period, 
and some of these are preserved m sculptuic Dogs arc also represented 
on the Egyptian monuments as far back as 3400 b c Skeletal remains 
of a canine animal are embedded in the Danish middens of the Neolithic, 
or Nev Stone Age The dog has, therefore, been in existence for at least 
5,000 to 8 000 years 

The dog may first have served as a source of food for ancient men in 
times of famine This in itself would have been a powerful selective 
agency, as the least valuable would have been the first sacrificed At 
a later period, before the time of the advent of agriculture and a more 
or less settled mode of existence, be no doubt became an invaluable ally 
m th© chase Later still, certain strains were used for draft as are the 
Eskimos and other dogs of today Through it all, the dog has continued 
to grow m man’s affection no doubt because of his sagacity and faith- 
fulness and also because more than any other animal the dog is both 
capable and desirous of returning any evidence of affection 
There are now recognized six distinct groups of dogs itz , the grey- 
hound hound, mastiff, spaniel, terner, and wolfiike Mason’s “Dogs of 
All Nations” lists 183 breeds of dogs from 39 countnes The variations 
m the different breeds of dogs as to size, form, color, degiee of harshness 
and length of coat, skull and jaw shape, length of body and of leg tern 
perament, vitality, and educability cover a startlingly wde range All 
breeds and types of the domestic dog ha^ c come hou ever, fiom not more 
than two or three wild progenitors m the comparatively short space of a 
few thousand jears All of them from the huge St Bernard to the tiny 
Mexican Chihuahua are the results of nature's variations plus man's 
selection 

The Horse — The name horse is cquualent to the Anglo Saxon hors, 
which means sioiftness, and it is logical to suppose that this genus was 
able to sumac the Mcissitudcs of time and enemy attack only because 
of its speed and raobilit> 

The onl> suraiamg genus of the familj Eqintlac to wliith the Iiorso 
belongs, is that designated as Eqiius riicrc are at present four In mg 
tvpes horses, n‘>scs half asses, and zebras Besides tlie domesticated 
hordes I qum cahalhis there is one wild tjqio found m Mongolia, E 
przhexahh Tlie domestic a% is callwl T ostnus md has at least two 
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date from about 1000 b.c. There rrcie small horses about 13 tads 
hiah, similar to Przhcvalski’s horse. The horse evidently grew m me 
and importance in Persia and Mesopotamia during the interveiung J 
and after about 750 B.c. began to serve as a mount. . 

were first given a place in the Olympic games m 648 b.c. ine at 
did not use horses until after the time of Christ. 



The development of the dVrabian horse by the Bedouins of the desert 
is generally recognized as the first great achievement in animal breeding 
of ^Yh^ch there is any definite record. Because the Bedouin’s safet} 
often hingcfd upon the speed and endurance of their horses, the.«e peopl® 
surrounded their breeding operations with an air of superstition and 
mj'sterj', much of which ha-s persisted in certain quarters to the present 
day. The .iVrabian breed probably was used later to refine the lai^n 
cold-V»loode<l” horses of the countries to the west and north, particu- 
larly of France and England. The Arabs, as wcU as Barb and Turk 
horses, were also used to cross with the racehorse of England, thus laying 
the foundation for the Thoroughbred. 



EARLY MAN AND ANIMAL DOMESTICATION 


57 


For many centuries the horse has been man's foremost helpmate in 
work, war, and play. He rendered incalculable assistance in conquering 
the New World, America. From 4,336,000 horses in 1840, the year of 
the fust agricultural census in the United States, his numbers stcadilj’’ 
increased to 21,500,000 in 1918. Since then he has been replaced to a 
considerable degree by machines, automobiles, tmeks, and tractors, so 
that in 1950 his numbers had dwindled to about 6,000,000. This free- 
ing of land from the production of feed for horses has complicated the 
situation of agriculture tremendously, and there seems now to be a definite 
increase in the number of homes being used for pleasure. What the 
future holds in regard to mechanization no one can prophesy, but it can 
be said with little fear of successful contradiction that our present civiliza- 
tion rests quite largely on the sturdy legs and broad backs of our four- 
footed friends and not the least among these is E. caballus. 

Cattle. — The Pecora, or true nrmrnants, is made up of the following 
families: the Cervidae (deer), Grraffidae (giraffes), Bovrdae, to which 
all types of cattle belong, as well as sheep, goats, and true antelopes. 
Both sexes in this family are usually homed. The horns are hollow and 
grown on bony cores and arise from the frontal bones. The second and 
fifth digits are rudimentary or absent, the third and fourth fully devel- 

0 0 3 3 

oped. The dental formula for tliis family is -r? These animals 

o I o o 

are ungulates or hoofed and belong to the group known as artiodactyls, 
or even-toed. There arc one or more enlargements for food storage 
along the esophagus, usually three, and the members of this family 
run^nate or chew their cuds. 

The genus Bos includes the taurine group, Bos iaurus (cattle); and 
B. indiens (humped cattle) ; the bibovine group, B. gaums (the gaur) ; 
B. frontalis (the gayal) ; and B. sondaiats (the banteng) ; the bisontine 
group, B. grnnniens (the yak); B. hona&iis (the European bison); and 
B. hison (The American bison); the bubalino group, B. caffer (the African 
buffalo); B. huhalis (the Indian buffalo); B, mindorensis (the Mindoro 
huffalo); and B. dcrprcssicoriiis (the Celebes buffalo). There are many 
varieties under most of these species, both living and extinct. As far 
as kno-wTi, all these species arc generally interfertile and produce fertile 
hybrids, though the males arc often sterile. 

These close relatives of our modem domesticated breeds of cattle 
form a vcr>' interesting and widespread group of mammals. IHany of 
them ha\c become domesticated. Of the Bibovine group, the gaur (B. 
punn) is the hugest of the present-day representatives and is found 
in India, Bumm, and all the Malayan regions. It has somewhat flattened 
horns, a short tail, white lower extremities, or ^'stockings," fine silky 
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ha>r, and long spmes on the 

set of n ithers the hull standing about 16 hands high It 

shj forest- and lull loving animal ® The 

iMth short horns and 'stockinged” feet and js easily ^ 

banteng is the smallest representative of this group, ha 
from the bocks to the tail setting, and is somewhat longer legged 
banteng frequents the lowlands as well as the hills 



Gayftl African Capo Buffalo 

American B son Ayrahire Bull 

Fio 18 — Some relatives in the genus Dos (Courfesp of Ntxo York Zoological Socxdil 


The bisontme group includes the yak of Tibet as \\ ell as the European 
and American bison the latter often erroneously called a buffalo Tb® 
jak inhabits the >\ lid cold regions of Tibet and Siberia and it is said tha 
trwcl there ^\^thout his help as a pack animal -would be impossible 
rhe j ak has a skirt of long hair hanging from his shoulders, flank, thighs 
and tail He is smaller than the gaur, standing about 14 hands high 
and is not “stockinged” with white The bison is charactenzed by 'erj 
hca\> forequarters and liglit rear quarters Ills head, neck, chest, and 
shoulders are coaered with moderatel> long dark hair and like the 
he has 14 or 15 pairs of nbs Great herds of bison once ranged oaer 
most of Fiirope and a goodly portion of Isorth America 

Ihe huhnlinc group or true buffalo includes four species at prp«ent 
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The African buffalo is noted for his very heavy downenrving horns, 
which almost meet in the -mid-line of his face, very unlike the Indian 
buffalo with his wide, out- and upeurving horns. The Indian buffalo 
is also larger, standing 15 to IG hands high. Both the Philippine and 
Celebes buffaloes are much smaller in stature, and in the latter the 
horns grow straight back and upward from the forehead resembling the 
horns of an antelope. The buffalo is generally found in low, srvarapy 
regions. 

Origin and Domeslicaiion of Callle.—‘li seems probable that cattle 
were domesticated during the New Stone Age in Europe and Asia from 
more than one wild form. There are two types of domestic cattle now 
living, B. indicus, the humped cattle of tropical countries, and B. tauriis, 
of the more temperate zones. Humped cattle were domesticated as 
early as 2100 n.c. Cattle play an important part in Greek mythology, 
were sacred animals in many older civilizations, and their slaughter 
was therefore forbidden. The great ox or aurochs, B. 'primigenius, 
which Caesar mentioned in his writings, is generally considered to be 
one of the progenitors of our modern-day breeds. This was a very large 
animal and described by Caesar as “approaching the elephant in size 
but presenting the figure of a bull.’' The wild park cattle of Britain are 
considered by some to be the direct descendants of B. primig&nius^ 
Another progenitor of our modem breeds is B. longifrons, a smaller type, 
with somewhat dished face. This is the Celtic Shorthorn which has 
never been found except in a state of domestication and was the only 
ox in the British Isles until 500, when the Anglo-Saxons came bringing 
with them the great ox or aurochs of Europe. 

It is doubtful whether any of our present-day European or American 
breeds trace solely to either one of these ancient types. It seems much 
more probable that our present breeds are the results of various degrees 
of crossing between them. The cattle of India and Africa, B. indicus, 
are characterized by a lump of fleshy tissue over the Avithers sometimes 
weighing as much as 40 or 50 lb. They also have a very large dewlap 
and the voice is more of a grunt than a low. They are thought to be 
descended from the -wild Malayan banteng. 

It seems probable that savage man first used members of the family 
Bovidac as a source of food. Real domestication began when these 
animals were used as draft animals, probably in the first faltering steps 
of the beginning of agriculture or the tillage of the soil. In tlieir wild 
state there was little tendency to store excess fat on the body, as this 
would have been a hindrance rather than a help under the conditions 
then existing. Milking qualities also were just sufficient for the rearing 
of the young. As civilization developed, feed became more abundant, 
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methods of carmg for livestock improved, and the latent possihihtiM 
tor rapid gronth, fat storage, and milk production began to be realizeo 
under man’s selection . 

That the o\ played an important part m man’s aesthetic developmeai 
is attested bj its use m architecture and interior mural decoration ^ 
■nell as its frequent use as a subject of poetic fancy The ox 
great religious importance in many ancient civilizations, and t e^c 
members of the breed were sacnficed to propitiate the gods ^ 
V ere crowned vnth wreaths and honored m other ways dunng e 
pageants and holidays, and to some extent w e perpetuate this cus om 
in our fairs and expositions today The Romans used the term pecuaia 
for monej, a word denved from pecus meaning cattle, and m ancien 
times a man’s wealth was figured m terms of his cattle possessions 
Down through the ages various members of the genus Bos have con 
tinned to be one of man’s most useful allies Without their contribution 
of power, meat, milk, and inspiration it is difficult to visualize the po?®i 
bihty of an advancing civilization The following is G L Bickerstct s 
translation of Carducci’s poem, “The Ox” 



I love thee holy ox, a soothing sense 
Of power and peace thou lodgest in my heart 
Row solemn hke a monument thou art 
atching the pastures fertile and immcnsel 

Or 'neath the yoke with calmness how intense 
Dost thou to man s quick toil thy aid impart! 
lie shouts and goads thee patient of the smart, 
Tlime ej es slow turning claim more re% erence 

From thy broad nostnb black and moist doth nse 
Tliy breath in fragrant incense like a psalm 
Swells on the air thy loivings joyful strain 
Austerelj sweet arc thy gra\c emerald ejes 
And m their depths is mirrored wide and calm 
All the di\'inc green silence of the plam 


Sheep and Goats — The«c two genera of the familj Bovidac arc very 
clo>-oh rclatctl so closcJj m fact that a naturalist ticv cr speaks lightly 
separating the sheep from the goats Modem breeds are easilj enough 
distmguivlulde, but the ta«ik is sometimes very difficuU m their wild 
reliti\es Tlie genus 0\is includes the sheep and its wild relative^, 
whereas goats and tlieir kind make up the genus Capra Sheep nre 
to U distinguivhcd from goats bj glands m both fore feet and hind feet, 
bj the al)«ence of a true l>eanl and bj the ali'cncc of the strong goat' 
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odor in males. There arc also marked diftorcnccs in the skulls, and 
the horns generally spiral in opposite dircction.s, (ho right lioin of the 
sheep to the right like a corkscrew, and the goats to the loft. The sheep 
gets its Latin name Ovis from the Sanskirt mi, signifying to keep or to 
guard. 

Our domestic sheep have a great variety of wnld relatives. Lydekker 
divides these into four groups: (1) the bighorn (Ovis canade/iszs) of North 
America and Kamchatka, (2) the argali (0. poh") of Central Asia, (3) the 
urial (0. vignet) of Asia and the mouflon (0. musimoji) of Asia Minor 
and Europe, and (4) the bharal (0. 7iahura) of Little Tibet and tlie 
Barbary (0. tragdapJms) of North Africa. 

Thc bighorns are a large breed of wild sheep standing 38 to 42 in. 
at the vdthers. As the name indicates, the horns are very large and arc 
noted for the small size of the trans\'erse ridges and the prominence of 
the outer anterior angle of the horn. The horns curve back, out, down, 
and forward in a bold SAveep. The upper part of the body is covered 
with dark hair, the loAver portion Avith a gray or dirty Avhite hair. They 
have a very noticeable caudal disk of light-colored hair extending in a 
radius of about 8H hi- from the root of the short tail. They make a 
square track, for the interior and exterior edges of the toes are nearly 
parallel. The front of the toe is also beveled, Avhich accounts for the 
remarkable climbing poAver of this group of mountain-dAvelling wild 
sheep. The group has a very shalloAv lachrymal pit in the skull. 

The argali, or Marco Polo’s sheep, is a large species standing 40 to 
48 in. high at the Avithers. They have strongly marked transverse ridges 
on the horns and a less pronounced outer anterior angle. The horns 
are very long (circle and a quarter) and make a AA’ide sAveep. The 
color of this group is very similar to that of the bighorn, including the 
caudal disk. These hoAvever, have a short mane on the throat. These 
Avild sheep inhabit the gras^ slopes of The Pamirs and never attain to 
very high altitudes. There are several closely related varieties in this 
group differing someAvhat in size, color and shape of horns, habitat, etc. 

The urials are a smaller race of sheep generally found in high altitudes. 
The}'' stand about 3 ft. high and have shorter horns than the bighorns 
or the argalis. The general color is broAvnish gray Avitli a Avhite belly. 
The throat has a short beard or mane. There are several differing 
varieties in this group also, including the mouflon of Sardinia and Corsica. 
This is a small species of brownish-gray color Avith lighter colored under- 
line and legs. 

ihc bharal in many AA'ays stands intermediate botAA'cen sheep and 
goals. Its horns lack the deep transA'crsc ridges of the sheep and are a 
dark olivc-green color like the goats. It has a longer, therefore more 
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Eoatbke ta.l and it lacks the laehrjmal gland on the face On the other 
hand it lacks the strong odor of goats also lacks a beard an * 
sheep bas glands bet^^oen the toes of all four feet The bharal stand, 
about 30 to 36 in high and is a dark slaty blue color There is no o g 
hair on the throat or tail The skull characteristics of the bharal 
goatlike rather than shecplike 

The lid relatu es of the goat include the ture the pasang gene 
regarded as the true progenitor of all our modem domesticated re 



of goats the ibe\ the markhor and the tahr Here again anc find ® 
lery iside variation in superficial characteristics among the mountain 
dwelling members of the genus Capra a detailed descnption of whic 
cannot be entered into here 

Onfftn and Domestication of Sheep — The sheep probablj ongmated 
in Europe and the cooler regions of Asia not further back than the 
I’leistocene or later Pliocene Remains of a sheep or goatlike anirna' 
ha\e been found at the sites of the Siviss lake dwellings of Neolithic 
limes bhcep arc thought to have been derived from the antelopehkc 
animals allied to the gazelles because of certain similarities of the mola^ 
teeth It seems certain that our modem breeds trace back to at least 
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two remote ancestors, the mouflon o£ Europe (0. musimon) and the 
Asiatic urial (0. vignei). 

Tlic sheep, most important of wool-hearing animals, was originally, 
as in the case of some breeds still, a hairy animal with an underfur of 
wool. No doubt people living in cold climates who used skins as clothing 
were the first to begin the selection of sheep for wool production. As in 
all our domesticated animals, there is wide variation among sheep. 
Some, like the African long-legged and Abyssinian maned sheep, bear hair 
instead of wool, some have spiral horns 2 ft. or more in length, others 



I'lo 20 — -The MouOon — a wjlJ ehcep Inrkme uniform color nnd Iuimur on cxlcnor coit 
ot linir (fVom Coffey, VrexUirtiee Sheep IfutJiandry. J. JS. Lippineolt Company ) 

no luims ut all. The* (ail of (lie common, domesticated sliecp is long 
and I'tciidcr; in sonic otijcr strains-, it is loaded ivitii fat and is I ft. in 
\%uUii, v.i\eTous h\\\\ oliicrs iiavc merely a vestige of a tail. Tljc last 
mti often carry luigc jiatches of fat on tlio roar quarters, (lie storwi 
fat in all ca'^es hcrving to li<le ll»c animal over periods of foml sliorUigo. 
Hie luinia, a tall, long-lepROfl ‘•lieep, is n*-c<l in Inilla as a fjgliting animal, 
iH-Miig pitte^l ttg'iin«it its fcllonh or other animals. 

^ Cn‘nt« are uKo vcivatilo in charactcristica, yielding tlic underfur, for 
ta‘‘hmcre Mnvwb*. and mohair, milk, meat, and dndt power and uK) 
prtividmg one mentis of clearing tiji hni«h land lM*paii-c of their /ondnf'*-s 
for all ‘•ort« of u mler ►lumt-*. 

Swine. Swino are niigulMi-s l>clonging to the Mihortler artifMlaclyls 
(evtii.tiM-,!). 'Hny Ulntig to the finnih Suulne 'Plu* Dicvilylulae, or 
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peccanes, and the H.ppopotamidac, or h.ppopotamuses are 
related famihes, these three tamibes compnsmg t'“ Su.na J- 
ammals have tubercles on the molar teeth, and m them there “t fom 
a complete fusion of the third and fourth metapodials to form a ca 
hone ” The nose is elongated into a more or less mobile snout 

tj-pical dental formula for this group is |i i. |i though this is not com 


plcte m all forms , y 

The genus Sus includes, besides the domesticated pig, se\ 
species Among them are Sus scroja, the European \s ild boar, 
tus, the Indian 'nild boar, <S andatnanensts of the Andaman Islan , 
salvamus, from the foot of the Himalaya, S initatus, J 

and S harbalus of the ^lalayan region, S afneanus and S . 

Africa The foregoing species vary greatly m size, color, lengt o 
length of tail, presence or absence of crest on the neck, size o u 
number of mammae, etc The Indian Avild boar stands 

high, ■whereas 5 aahantus measures only 11 m over the shoulder 
tusks of the "wild boar are several inches long, those of the red ® . 

S afncanu8, onlj as long as those of the domestic boar, and tho^e o 
S aoltomus are very short The young of all the abo\ e-roenbon ^ 
species are bom with longitudinal dark stnps on the body which J 
appear as the ammal matures i k s 

Other wild relati% es of the pig include the genus Babirussa of ^ 
and Burma as w ell as the genus Phacochaerus In the former genu^ ® 
upper tusks of the male do not haie their summits abraded b> 
against the sides of the loiier ones as in the genus Sus, but msteacl ^ 
upper tusks an«e close to each side of the face and pass nght out throug 
the top of the nose ne\er entering the mouth ca\itj, thence sweeping 
backward and upward frequently touching the forehead, after wnic 
the> cur\e forward thus resembling horns rather than teeth These 
tusks differ from those of the wild boar in not ha\ing a covering o 
enamel Thej often measure 14 m or more in length These anim^ 
are rather “leggj ’ and almost devoid of h ,nr 

The genus Phacochaerus, or wart hogs, of Africa have a head v eri 
large m proportion to the body with ej es placed far back on the face 
Thej deme their name from the wartlike cutaneous lobes that project 
from each side of the face Their upper canines are ev en more grea^^^ 
developed than tho®e of the Babiru'^sa, curving upward and inward an 
being large disproportionatclj to the size of the skull In older animals 
all the teeth except the four tusks and the four last molars disappear 
Tlie molars, however, measure more than 2 m in length from front to 
rear, the lessened number of teeth being compensated bj the over- 
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development of those remaining, which assures ample grinding surface 
This development also occurs in the ease of the adult elephant, except 
that in this species the iowei tusks are also -wanting. Wild pigs aie 
found only in the Old World, their place in America being taken by the 
peccaiics, a distinct family. 
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tin 21.— Pn)l>nl)ff« progenitors of moilorn sniiie {Coiirtr»y of Grtcn it Co) 

Ortyin atul Domc^tienlion of 5ir/nc.— It appears that our modern breeds, 
S tlovu ln\ r descendc<l from at tw o wild stocks; the Xortlicm 
Ikiropo.in hrotnls from the wild hoar S. Rcrofa, and thoMi of Southern 
Knmpe, and Africa from one of the Malayan pi^s, possihlv tlio 
rrilhircs! pig .S’, ntifiiui. The former w.is a 1 irgor, co-ir'cranlmnl thmngh- 
out th m the latter and h n denM.*r co\tring of hair, 

rn*Mnt*<lu Ims^ls are no douht the re'‘till of xan-ing degrees of 
< ro 'ing l»et«e< n the p \ri at stiirl»Hnn<l thel^<>{T^p^lJ^; Itswins pro!» vhle 
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that the pig domesticated Uto limn 

*o the horse Selected for lus ability to fatten rapid j 

the pig la foremost m converting feed mto „f hogs 

economy of iVmencan meat production Most o the » 
found m America are of our oiin ''reedem J ; 

Jersey the Poland China and the Chester IVhite breeas a 

Amencan creations , , » „ Qorlrllp Hor=e 

In addition onr breeders have developed the gheep 

the Standardhred Horse, the Morgan Hor^ and a J 

For the moat part, honeicr, the American breeders task ha 

to improte foreign breeds and to render them more 

™ -W e hat e tried in this chapter to outline tte 

up to the appearance of Homo sapiens on this planet He 
scene by sloi\ and probably painful stages Finally some 1 

2o 000 j ears ago he emerged and his progress has been quic en 

since AN c surveyed his early hunting plant culture and fana y, 
domestication phases and attempted to trace the origins o ^jg 

footed sersants Each succcssise stage encouraged and made p 
a larger human family By the year 1800 man numbered 7oU mu 
Then came the agricultural and industrial revolutions Too 
relatively plentiful and man s procreati\e powers responded so we ^ 
during the next 140 years population on the earth trebled, reac i 
total of ox er 2 billion The w orld has been filling up perhaps too w ^ 
There are no longer frontiers but m some parts of the xvorld we 
caught a glimpse of the abundance that should be the reward o 
man of intelligence and enei^ Science has now placed m our i 
the tools for producing abundance We have yet to decide what o 
w ith them 
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CHAPTER III 

animal origins and progression 

Ammals arc orgamsms that yo capabla of sanaahcn and «l™taO 

moaement Some arc one (.died others manj a:dlcd , some mo 

mr, some oir land, some under uater, some hare 
trrrca it anj , on the outside like an oiercoat and are called mie 
some are supported hj a honj or c irtilagmous the 

called rorleliratcs species of the former tar '’“‘"“"''’"“S 
latter Some like man, har e a very higlilj developed bmm and 
system for recording eniironmental stimuli, othem ^'food 

relativelj immune to eniironmental changes All niust “8® ^ 

materials and oxygen and rid themseU es of ai aste f "ftheir 

live All are endmied luth the poMcr and "desire to perpetuate m 
kind through some form of reproduction Although they shml 
iMdest sort of diversity, there seems to be a thread of unity binding 
living creatures into one organic nholc Thej all come into M b 
grow to maturity, reproduce their like and, finallj , die in a er> 

the same fashion Jonns 

Early Ideas on the Genesis of Lmng Forms —Man has been ^ 

the question of the whence why and whither of himself and - 

animate nature for many thousands of years These questions proba y 
did not concern him m his prehuman state any more than they co 
cemed you and me when we were infants With the dawn of reason an 
beginning of the capacity for reflective thinking ho\\e\cr, man began 
to wonder about the origin of and relationship among living 
Until the advent of science with its inductive method of reasoning 
could but guess and speculate on these questions 

Science is nothing but the discovery and arrangement of separa 
facts into logical patterns of relationships or of cause and effect 
ascertaining of general laws from separate facts Millions of fad® 
classified into many categories mdicate relationship between all livmS 
forms For a full appreciation of the problems of breeding and inhen 
ance an understanding of the general scope of animal relationship® 
furnishes the best medium 

Centuries ago it was obvious that the sun revolved around the earth 
men saw it happen every day It was just as obvious that the ean 
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\\as flat In this same category of the obvious vas the production of 
living matter from lifeless materials, maggots and flies from decaying 
meat, worms from manure, etc This idea of spontaneous generation of 
living orgamsms from dead matenal is, tlierefore, of ancient origin and 
IS probably still extant m some regions 

Most of the eaily Greek philosophers felt the need of offering some 
explanation of the genesis of living forms Thales (seventh and sixth 
century n c) vas the oiigmator of the doctrine of abiogenesis, or the 
production of living forms from hfeless matter He taught that life 
develops from amorphous slime under the influence of heat Anaxi- 
mander (611-547 B c ) taught that the earth existed first in a fluid state, 
which later solidified in spots to form dry land, and that living creatures 
formed in the water came out onto the land in a gradual fashion and 
acquired the appendages and other bodily mechanisms which would 
make terrestiial life possible 

Anaxagoras (510-428 nc) was the fiist to suggest the idea that 
gradual development was not the lesult of the workings of blind force 
but was directed by some “Intelligence,’’ a theory known today as 
teleology IIis idea was that the germs of all animate and inanimate 
things existed first in chaos, but that gradually soil was laid down, 
covered with air, and this m turn by ether The germs of plants floatmg 
m the air finally settled on the earth and covered the earth with vegeta- 
tion Thereupon the germs of animals and men, which he supposed 
were floating in the ether, settled onto the eaith, grew, and prospered 
All of this, according to Anaxagoras, followed an intelligent plan cieated 
by some designer, i e , the piocess was not inherent in the matenals but 
needed an outside directing force 

Empedocles (500‘i’— 430*^ b c) had the notion that parts of organisms, 
heads, arms, legs, etc , existing first m separate states, were finally brought 
together into whole orgamsms through the triumph of love over hate, 
and that those which had made a lucky combination of suitably adjusted 
parts wcic able to survive and perpetuate themselves in their offspring, 
IcaMng others less fortunate m their acquisitions, to extinction Here 
we meet for the first time the general idea of the suiwival of the fittest 
Lpicuius (341—270 bc) and his later Homan apostle Lucretius (99- 
55 B c ) taught that plants and animals arose on the earth from the 
action of the sun’s he it on the moist earth, or, as Lucretius phrased it in 
his matonahstic poem “On the Nature of Tilings,” “Nothing from 
^ nothing c\cr jet w is born ” 1 ucrotius anlitipated Dalton and modem 
chcmistrjr in his reftrcmi to the atomic natuie of matter as well as 
^ Mendel and modem genetics in his icfcrcncc to lieieditarj bodies withm 
the mother 
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manv animals, c j , vorma, insects, crabs, and other marine 

oven man, might arise apontancoualy, all the ormer f™“ ^ J 

ahme, manure, aneat, meat, decaying tea and '™'‘ " 7, to 

from the moist earth, nherea, man's first appearance n as ‘ 

have been m the form of a norm Aristotle a |„s 

men’s thmhing donn to the time of science, and the accepta 

ideas by St Augustine (a n 354-130) <'?‘“'>''‘*‘=^7“"\XTariy Church 
as a dogma of the Church. St. AiigiisUnc and othera of the 
fathers, hoiievcr, Mere not litcrohata in reprd to the Alosaic 
creation but interpreted the 6 days of creation to bo penods of time 
in excess of 2i hours , -«n+iin 

Aristotle’s ^\o^k8 ^\c^o translated by the Arabs m the nm 
and found their nay into Spain a century later Tlrn/^rumncan 
pagan Greek ideas caused considerable fnclion m the W estem t-utop 
Christian norld of the UeUth and thirteenth centuries, butasynme 
of Greek scientific and Christian theological ideas was^ finally acni 
by the great churchman St Thomas Aquinas (1215-1274). . 

TJnhke Anstotle, ^\ho wanted to understand and eventually con 
nature for beneficial human ends, the churchmen of the / f 

started with some acceptable belief Their ideal was the contemp a 
of truth arrived at through intuition and faith They believed that 
kne^Y the purpose and meaning of existence and that the function 
nature and of man was to glorify God The Scholasticism of St 
was a synthesis of Greek reason and Chnstian faith on the theory 
reason and faith are not antithetical but supplementary, and that lai 
can go beyond reason and solve problems for which reason is inadcqua 
Intuition was thus judged to be superior to reason, and for GOO years 
idea, together with the authontananism founded on Anstotle’s 
prevented scientific inquiry into the nature of the universe and man. 
inquiry into the nature of things thus became heresy, and for nea j 
GOO years anyone who deviated from this pattern was forced to reca 
But the flame of curiosity was not entirely extinguished, and the not 
Italian Leonardo da Vmci of the fifteenth century, scientist as well 
painter, pioneered in the field of paleontology, one of the pillars on w ni 
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the theory of the gradual diversification of living forms now rests. In 
the sixteenth century, Giordano Bnmo (1548-lGOO) espoused the Greek 
idea of gradual development and left among other maxims, “The investi- 
gation of Kature in the unbiased light of reason is our only guide to 
truth.” He was finally burned at the stake for his refusal to recant his 
heretical beliefs. 

From the liberal ideas of the early Church fathers, the pendulum 
Bwng, by the middle of the sixteenth century, clear over to the extreme 
literal position. Separate creation and the general over-all authority of 
the Bible both as spiritual guide and scientific textbook were firmly 
entrenched, and all doubters or too persistent seekers of nature’s tinitlis 
by means of reason or experiment were labeled heretics and forced to 
recant or be liquidated. 

In the last half of the sixteenth century, and still more in the seven- 
teenth century, curiosity and experimentation began to make some head- 
way, but spontaneous generation held its place in the minds of men like 
Harvey (157S-1G57), Descartes (159&-1G50), Newton (1643-1727), 
Buffon (1707-1788), and even Lamarck (1744-1829). 

Rcdi (1G2G-1C97) was the first to show that decaying meat or fish 
could not produce maggots if flies were prevented from laying their eggs 
thereon. Leeuwenhoek (1632-1723), the Dutch naturalist, revealed, 
through his invention of the microscope, a whole new world of tiny living 
forms, which tended to strengthen the belief in spontaneous generation 
although he himself considered the forms of organisms infesting rotting 
meat, etc., to be air-borno. Spallanzani (1729-1799), the Italian scien- 
tist, Schwann (1810-1881), the German anatomist, and many others 
devised experiments to try to disprove spontaneous generation in mate- 
rials uncontaminated by organisms and were generally, though not 
always, successful. It remained for Louis Pasteur (1822-1895), the great 
French chemist, to provide, by means of his bent-necked flasks, the final 
obituary' to this age-old idea of spontaneous generation of living organisms. 

There arc three possible ways for accounting for life on the planet 
Earth. Spontaneous generation in its ancient sense seems to have been 
finally ruled out. To think that life was wafted to this planet from some 
other heavenly body only moves the problem back one step where it is 
entirely insoluble, and modem astronomical conceptions lend no support 
to the plausibility of the idea. Still a third possibility is to say tliat life 
iias existed and will exist eternally. This again is impossible of proof and 
not vexy siUisfactory to a practical mind. 

Modem Ideas of the Beginning of Life.— From Pasteur’s work came 
the final proof that fully formed living organisms cannot ho formed in an 
instant and tlenoroin any sort of a citltuFC. By some this was interpreted 
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to mom that there could Deter be or Imc been a trans.t.on from non 
Snmrtobvmgmatenal ^^cUo^t houcter «■ 't X,* 
and pi rnts are fin ill} broken donn mlo inmRamc compounds o 
dem'enta Ihc duct.on rs nbothcr the rotc^e proee,, 
tal en place It is non cominR to Ik. RCncr illj iRrecd th 
could but did so hippon not tbat no non hate final proof or that 
biochemist can non ni ike life . 

Ihe most probable general steps m tlie process seem to 
follon s (0 the pulling out of matcnal from our sun bj the " 
of another star some 1 or 2 billion j ears ago and the 
material to form our planetaij sj stem, including the earth ti itli ‘ 
molten metal core cotcrwl bj a lajcr of igneous rocks and ente P 
an atmosphere of aqueous taper (2) formation of 
interaction of carbides of iron nnd other metals and ^\ate^ (d) ° 
of ammonia by the interaction of metal nitrides nnd m ater (4) pro 
of numerous high molccuhr compounds through condensation P° ^ 
nation and oxidation reduction reactions of the derl^atlVC8 y 

aldehydes ketones organic atids etc ) of the pnmiti\e h>drocarbon^^^^^ 

nitrogen bearing compounds to form simple compounds of ^ P*" 
nature (5) formation of a primary colloidal sjstcm, (C) natural i 

of those colloidal sjstems \\ilh a highl> de\clopcd phjsicoc c 
organization surrounded b> a scmipcrmcable membrane capable of rep 
duomg themscb es and also capable of continued g^o^\ th and a aria lo 
This is admittedly a very skclch> picture Detailed knowledge o 
internal structure of the simplest living forms is not now 
Nature has been made to yield man> of her secrets and it seems 
improbable that the true nature of living matter will sometime be 
covered Granted the formation of even the simplest living and 
duemg forms together with the principle of variation an orderly pros 
Sion of living forms from the simplest to the most complex bee 


thinkable 

One celled to Simpler Living Forms — Students ns well as laymen^ 
sometimes prone to look upon single celled organisms as the 
and simplest manifestation of life but this is an erroneous v lew 
single-celled plant or animal is actually very complex and endowed wi 
the capabilities of nourishing itself of getting rid of its waste produc 
and of reproducing The planet Earth is thought to have existed or 
about 2 billion years and it seems probable that after life arose fro^ 
inorganic materials it took several hundred million years to w ork up 
the level of single-celled plants or animals 

Let us then start with single celled forms but reverse the usual proems 
and try to work back to the original form of life though w e should be 



ANIMAL ORIGINS AND PROGRESSION 


73 


wary and not expect to get a necessarily definite answer at the present. 
The single-celled organism, c,g,y amoeba, yeast, etc., as already indicated, 
is a complex structure and is organized in a definite way. It consists of 
a cell wall surrounding cytoplasm in \vhich are located cliloroplasts, 
chromoplasts, ieucoplasts, chrondriosomes, centrosome, fat droplets, 
mineral deposits, yolk granules, and a nucleus, the latter often containing 
dark-staining bodies called chromosomes. It has now been established 
that the chromosomes are the bearers of hereditary potentialities in the 
higher plants and animals and, therefore, form the bridge of inheritance 
between succeeding generations. The chromosomes are aggregates of 
genes arranged in linera series, whereas the genes themselves are probably 
complex organic molecules. 

As we start down the scale in size, we come first to the bacteria. There 
are many thousands of these forms and in general they are rodlike, round, 
or spiral-shaped. We are inclined to think of them as enemies to man as 
those which cause typhoid, pneumonia, and other diseases surely are, but 
there are thousands of them that are harmless to man and many more 
which are definitely beneficial, e.g.y those soil bacteria which fix nitrogen 
from the air, those which convert alcohol to acetic acid, or milk curd to 
cheese. 

Ordinary bacteria range in size from about 500 to 750 m^. Even the 
highest powers of the microscope cannot at present disclose much con- 
cerning their internal structure, although we have a right to believe that 
they do have a very definite .and specific structure. They produce 
variations that arc definitely heritable, and, although we are unable to 
sec a nucleus and its chromosomes withifi them, it seems a fair assumption 
that they do aetttahy have some such mccham'sms. Stoughton (192^3) 
and Barnard (1930) have shown that at the time of fission the scattered 
chromidia of certain bacteria aggregate into an ill-defined mass within 
the organism, which then divides to produce two cells. Here apparently 
the genetic or hereditary materials arc scattered, whereas in the one-called 
organisms, discussed above, they have become definitely and permanently 
organized into chromosomes. 

It is Imown that living entities of a diameter below 300 or 400 m/t 
exist, although they cannot be seen even with the most powerful micro- 
scope we now have. These materials arc called JiUrahlc tnnises or filler 
passers and arc the cause of certain diseases such as smallpox, yellow 
fever, labio.s in man, and foot and mouth disease in cattle and swine; 
but, as with the bacteria, there may also be beneficial ones. Some of 
tbem have been photographed in recent years by means of the shorter 
wave ultraviolet light and more recently with the electron microscope. 
Alllunigh they cannot bo ^cen, they undoubtedly arc living materials, for 
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thej can produce then Re on suitable culture media In size the nru*. 
nrp thoucht to scale down to about 10 m/i , 

In the same range of size are also found uhich 

tenum eaters These agents live “ > “-g bactena 

thej cause to disintegrate or dissolve As bve onh 

decreases, the amount of phage mcreases M the l .rases c 
on living culture tissue so can the various I*'"Ses hve y 
bactena The phages are thought to be much smaller tha 
probably from 25 to 60 mp Because both the viruses “ P“" ^ 
has e very specific properties and reactions inth their resp 
seems logical to infer that they have definite organization and t ^ 

to transmit their charactenstics to their offspring perhap y 
genes The fact that the known phages and viruses depend up 
organic forms higher in the scale of life as sources of foo ““ , 

he advanced as an argument against their having preceded 
forms in time It is a i ahd objection Two escapes from the ^ 
are possible (1) that earlier forms of phages and viruses iiere 
limited but endowed with the power of subsisting on simpler org 
compounds, or directly on inorganic materials and (2) ® ceneral 

parasitic forms of phages and \ iruses are simply examples of these g 
classes of organisms which have changed from earlier habits into 
being parasitic on higher forms , , 

Recently an American biochemist, "W M Stanley, succee 
crystallizing the \ irus of tobacco mosaic disease Other viruses 
since been secured m a crystalline or partially crj stalline form 
nonliMng materials like cane sugar as well as complex 
enzjTnes also ha^ o the property of forming crj stals Protem mo 
scale down to around 4 nifi, whereas starch and sugar molecu es 
thought to be of about 2 and 1 m/», respectively From this poin 
proceed down to indi\ idual atoms of unknoA\Ti size and finall} reac 
IS considered to be the basis of all matter in the universe, protons, 
Irons, and neutrons mbl® 

The best guess at the moment seems to indicate that under sui 
conditions various elements and compounds on the surface of the ea 
or in the v\ arm seas became oi^nizcd into v erj simple forms of 
matenal w ith the pow er of nounshmg and reproducing themselv es 
likely this process occurred in a v anetj of places, and, for all w e K 
to the contrarj this form of spontaneous generation maj still be go ^ 
on The matenals so formed were probablj relativelj stable, but wt 
tendencj for poljTnenzation as well as for various rearrangemeids 
their atoms and molecules to produce somewhat different forms Fro 
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these earliest living forms, there perhaps eventually came to he organi- 
zations of materials resembling the gene. 

Existing singly at first, the genes perluaps gradually combined and 
took on a protective covering resembling at this point chromosomes. 
Later, cytoplasmic materials and a cell wall may have been added, and 
after a few hundred million years development may have reached the 
one-celled amoebalike stage. Growth, aggregation, variation and differ- 
entiation, and specialization of function proceeded, yielding finally the 
hundreds of thousands of plants and animals that at present inhabit the 
eartli. It hardly seems necessary to say that we need not expect to find 
traces of the earliest forms of life, because they were too small for us to 
see and also because of their fragile nature. The developmental process, 
then, may perhaps logically be thought of as progressing from the ele- 
ments to organic substances, to genes, to chromosomes, to single-celled, 
and finally to multiple-celled organisms and plants. 

One-celled to More Complex Living Forms. — It is beyond the scope 
of this chapter to do more than point out the general road that progressive 
development apparently has traveled. The first step was perhaps the 
formation of various hydrocarbons. Next may have come the con- 
version of the above-formed carbohydrates into an amino acid by the 
addition of nitrogen and the conversion of the amino acids into a protein 
through fusion of many amino-acid molecules into one finally complex 
molecule. Somewhere these minute and relatively simple molecular 
aggregates must have become endowed uith “life,’' especially in the sense 
of being able to reproduce themselves as the genes apparently do today. 

The reverse of the process described in the previous section might 
lead from this geneliko structure to a microscopically visible one-celled 
organism after the passage of hundreds of thousands of years. From 
this onc-cellcd stage we pass to a colony of cells such as the Gonium, or 
frcc-swimming colony of IG cells, or Volvox, in which the cells are arranged 
in a hollow sphere with (1) division of labor and (2) differentiation into 
soma and germ cells. The next step is the invagination of one side of 
the hollow-sphere stage forming a hollow sack two cells deep with the 
outer cells specialized for locomotion, sensation, and protection and the 
inner ones for digestion. Here the same opening serv’es as mouth and 
vent. Next we find the opening continuing through the body with a 
separalc mouth and vent. Segmentation has taken place, the worm 
being an example of this stage. 

Now ^Yc pass to the forerunner of the vertebrates with well-developed 
gill clefts and an outpouching of the gut region Avhich will one day pro- 
duce the notochord and eventually Uic backbone of higher t^Tics. The 
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lobe-fmned ganoids, .^h.ch like the Dipnoi had an mc.pient mng^ 


Amphibians such as frogs and salamanders noii 
their carl> hfc m iiater and later life on land Thc> to 

chambered heart and, m place of fins, fue-fmger^ limb 
the bodj bi pectoral and pcU.c gmllcs After them 
some gigantic m size though so well adapted to their cm ^ 

they could not change iihen it did and so became extinc 
clefts arc still retained in the embryo but the young hmc o 
the eggs are laid on land rather than m the m atcr In the bignt 
traces of the fourth heart chamber appears ommaliaQ 

From this reptilian type were dc\elopcd both bird and ro 
forms Archaeopteryx nas a pnmitne bird type m "hic , 

■were BtiU retained and the three fingers of the forebmbs ■were s i 

and used for cUmbmg In modem birds the teeth lia\e ^ 

the fingers are united by a Meb At the summit of the tree o 
the Mammalia, to i\hich class man himself belongs 

The lowest mammalian forms are those like the spiny an 
duckbill mole In these forms the egg is still laid outside the o 
the digestive tract and urogenital organs empty into a cloaca ^ 
reptiles and birds Hair has now replaced scales, and a 
rates the abdominal from the thoracic cavity The brain is no 
wrinkled as yet, and the nutritive glands are scattered oxer t e 
region of the female and ^ve out a fluid that is licked up by 

3 bora 


The second stage m the mammalian group is represented by 
marsupials, such as the kangaroos and opossums The y oung are 


marsupials, bucu as vue i^augarous auu upussums auc 
immature and are placed in a pouch on the mother’s belly 

complete their embryonic growth These species are xnviparous an ^ 

separate openings for urogemtal and alimentary tracts as xvell as a 


tmctly four-chambered heart , 

The highest stage that the process has yet reached is that o 


placental mammals In these the embryo is retained for a longer 

•.tod tn tbo mnthor for nourishment 


in the mother s womb and connected to the mother for nounsm- 
the placenta Here the brain is more convoluted or creased 
mammae, or teats, are w ell-devdoped for suckling and arranged ox er 


belly region usually in two rows, although m the highest tyTies 


they 
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become restricted to the breast region. Representative types here are 
the ungulates or hoofed animals such as hoi-scs, cattle, sheep, swine, etc., 
the carnivores such as cats, dogs, wolves, tigers, etc., rodents such as 
rats, squirrels, etc., anthropoids such as apes, gibbons, gorillas, orangs, 
chimpanzees, and, finally, man himself. 

In the anthropoids we find a continued shortening of the snout region 
and the gradual assumption of an upright position, first evidenced through 
the use of the arms in s^vinging in the trees. The increasing size of the 
brain further shortened the snout, caused the further arching upward of 
the sloill, and eventually threw the face into a similar plane to that 
of the vertebral column. The gorilla spends most of his time in the trees, 
although he does walk clumsily on his hind legs, but his long arms touch 
the ground frequently — a necessity if he is to keep his balance. The 
gibbon, a more primitive form than the gorilla, also walks on the hind 
legs and uses the arms for balance. 

The upright position largely frees the front legs from supporting the 
body and enables the hand to develop as a grasping organ, to pick up 
and examine food, and to bring it to the mouth, which is now so greatly 
flattened that it is not so well-suited for piclung up food as in long- 
snouted animals. This also frees the hand for development as a tool- 
using member, and even the higher apes are able to learn to use simple 
implements wielded by the hand. The baboons frequently use sticks to 
pry up stones in search of food. Chimpanzees use stones to crack nuts 
and sticks to pry things they cannot move with their fingers. 

Orgamc Evolution, — The process sketched in the preceding section is 
generally known as organic evolution. By definition it is “the theoiy that 
tiVc vanbus types of piani's and" animal's have arisen 6y aescent with 
modification from other pre-existing types.” Because man is apparently 
one of the latest products of the evolutionary process, our evidence for 
it is indirect. From the researches of physicists, chemists, paleontolo- 
gists, and biologists, we can assume that matter in our solar system has 
progressed through a succession of stages from electronic to atomic to 
molecular to colloidal-organic to living forms. The most interesting 
phase of the process from our standpoint is the development of mind. 
This arose gradually and has reached its highest present level in man. It 
has provided the means for increasing control over and independence 
from Ihc environment and atdast enabled us to catch a glimpse of the 
processes of the univer.se. Contrary to some opinion, as our knowledge 
broadens, our reverence deepens. 

This view is diametrically opposed to the supernatural theory of 
scparnlo creation of each species or breed. "We cannot here go into the 
philobophical implications involved in these two contrasting tlieories. 
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;hem to more uesiraoie nuiuau vums 
T he concept of an c^olut»onary process is not nc\s, for m 
outlines It ■Nsas sensed b> early Hindu and Greek philosop ers 
merely had the vague notion but were able to adduce no pro 
early fathers of the Christian church seem to ha\e been rathe 
minded men but the dogma of the special creation of species a ^ 
literal interpretation of the Mosaic account of creation soon _jjt 

the accepted belief Dunng the difficult Middle Ages, little or no 
could be devoted to questions of this nature Tlierc are occasio 
crences to the general subject m the later w ntings of men 
Francis Bacon, Leibmtz Linnaeus and Kant, although most o 
of these times who thought aliout the matter at all belie\ea i 


broai 


separate creation and the unrautabilitj of species 

Buffon (1707-1788), a French naturalist, greatl> enlarged the con^ 
of mutability through direct environmental means an idea w i 
developed in later life after having earlier subscribed to the ' 
immutability He is a precursor of Lamarck and perhaps also of ^ 
in regard to pangenesis as well as the struggle for existence and ^ ® 
vival of the fittest Coupled with his idea of change due to 
mental influences was bis further implied belief that these so-ca 
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“acquired" characters were heritable. Buff on's chief part seems to have 
been that of suggesting broad new vistas, rather than filling in details, 
asking questions for his followers to answer, or opening up new fields for 
conjecture and experimentation. To him goes the credit for beginning 
the' consideration of organic development from the observational and 
inductive standpoint. 

Erasmus Eanvin (1731-1802), an English physician and poet and a 
grandfather of Charles Danvin, is one of the most imposing figures in 
this field of human inquiry. He borrowed and enlarged on many did 
ideas concerning evolution and made distinctive new contributions of his 
own. He was the first to stress the idea that evolution has been operating 
from the time of the first primordial life. To him now forms were but 
the flowering of potentialities originally deposited in the life stream by 
the Creator and called into being by the necessity for adaptation. He 
foreshadows the work of his grandson Charles in allusions to man as an 
offspring of lower quadrupedal ancestors, in some of which the’ thumb 
had accidentally come to lie opposed to the fingers, giving a hand that 
led finally to the groat development of the human mind. He assumed 
a, simple living filament endowed with irritability and sensitivity as the 
progenitor of all that lives. The first living material was endowed with 
potentialities for now developments that were called out by the organism's 
response to pleasure and pain. He followed Buffon and anticipated 
Ijamarck in his belief in the inheritance of acquired characteristics. 

Lamarck (1744-1829), a French botanist and zoologist, can be right- 
fully called the father of the modem theory of evolution owing to his 
having been the first to devise a phylctic tree to include all plants and 
animals. He was the first to state that all animals formed a branching 
series of related forms, shading into each other but with many gaps due 
to the intermediato form.s not yet having been discovered. He believed 
that small maases of mucilaginous matter took on Imng properties and 
became elemental plants or animals^ His theory of evolution pro- 
pounded in 1809 has three main points: (1) that the environment, directly 
in plants hut indirectly in animals through the medium of the nervous 
system, culls out changes in the organism, (2) that the use or disuse or 
parts leads, respectively, to their further development or to their atrophy, 
and (3) that these so-called “acquired” characteristics are inherited. 

Tlic main idea to he noticed here is Lamarck's belief that the environ- 
ment is the principal cause of change. This is similar in its general 
outline to BufTon’s earlier belief that something axtcrnul to the organism 
brings about changes rather than something within the organism. 
CicolTrey bt. Hilaire (1772-1844), another French zoologist, suhscribed 
to Lamarck’s idea that the enrironment mused the developmental 
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process tat by means ol f “S'"; 

germmataond,t.on rather thr^ and emsat.on a, nell « 


germmalcond.tion rather in rnminemno. ... , ’ „t,on asnclUl 

pated Wersmann’s .dea of getminal n,„tat.ons, for hB 

De Vries’s idea of c\ olution hj me ms of In B P ^ sudden depat 
rvork m the field of toratoloRj made him acquainted ruth su 

tures from tj-po that, ho reasoned, mig i gi' pi„losopher, I'M » 

Goethe (1749-1832), the great German poet an pH^ 
his earlier dajs, a scientist norkmgm and sag 

contributing original papers on the lleYigoroodf 

Besting erroneouslj , that the skull u as of a “"S'" „f aescent n .ft 

opposed the Idea of the fixity of species and upheld that o d« 
modification, or of the ascent of man of one «' 

decade heUeen 1780 and 1790, Goethe provided the 
the pillars onvhich the theory of evolution rests, tar , t 
anatomy and embryology Osborne yields him the 

first man to conceive evolution m the modern ^ retarded 

transfer of his affections and abilities to the field of Crit 

the demonstration of the law of evolution h> half a „ants 

offered the correct solution to the riddle of vestigial structur 

of those which ^vcrc necessary further down the scale o tive 

Bhado^\ ed the dual nature of the process— -its centnpeta , 
hereditary force and its centrifugal progressive, ^nd » 

Cuvier (1769-1832) was a champion of the fixation ^cr of 

stout opponent of transformism He, nevertheless, vas the 
paleontology, which furnishes still another of ca olution s 
pillars He explained the senes of different forms m the car 


pillars He expiamca toe senes oi uiuuicut, - pmcoi 

as due to catastrophic extinctions and later migrations, vherea 
his students and followers said they were each due to a separate 
Cuvier’s exalted place m the science of his day served to re j 

acceptance of the idea of mutability, and his brilliant pupil Louis 


was never convinced of the reality of transformism tres'^d 

Several noted embryologists of the early nineteenth century 6 
the mutability of species and called particular attention to 6 
similarities between different animals m their early embryonic s a 
to the fact that the higher ammals pass through stages which m 
terminal point for lower animals Many other writers m the rs 
of the nineteenth century had inklings or convictions about crea 
evolution’ , and two of them, Wells m 1813 and Matthew m 
recognized the principle of natural selection, which was to 
cornerstone of Charles Darwm’s theory as expressed in “The 
of Species ” i, t H 

Opposition to Mutability — We should here remind ourselves t 
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tills brief review of the history of inen*s thinking about animal origins up 
to the time of Darwin, we have said nothing of the general opposition to 
the theory of gradual change. Tnie there had been martyrs to this 
general idea back in the fifteenth and sixteenth centuries, and jnany others 
had been forced to recant. The general populace, however, knew little 
or nothing about such things. Life here was hard for the mass of man- 
kind, hut they had what seemed a sure promise of a better one to come. 
The Homan Church and its Protestant derivatives alike frowned upon 
any views of man’s relation to the univeme other than those given in the 
hlosaic account. So although the general idea of change had had a long 
history and its development had been contributed to by scores of men 
for over 3,000 years, yet mankind as a whole was both ignorant of what 
had transpired and bound by certain dogmas directly antithetical to the 
idea of evolution. Put into this hostile, prejudiced atmosphere the idea 
did finally come in 1859. It has had a stormy passage but is now 
accepted by most educated people, for it seems to ofier the best available 
solution to the ago-oUl problem of the whence of animal forms. 

Darwinism, — Cliarles Darwin (1809-1882), to whom reference has 
already been made, was an English naturalist. He had been educated 
in tbo universities of Edinburgh and Cambridge, studying both medicine 
and theology. He practiced in neither field, however, and wrote later, 
“My scientific tastes seem to have been certainly innate . . . I consider 
that all I have learnt of any value has been scU-taugbt.” The foregoing 
pages will have indicated that Darwin was not the father of the idea of a 
gradual progressive change, lie might perhaps more correctly be called 
tiic atlrndirig 'physician who brought tlic conception safely into the world, 
or as llutler siiid, “Danviu’s chief glory is not that he discovered evolu- 
tion hut that he made men believe in it, and what glorj',” ho added, 
“could he greater than this?” 

D.anvin Killed on llcaglc as naturalist on a round-llio-worI<l 

trip lasting from 1831 to 1830. On this voyage he had the opportunity 
of studying the ricli fauna and flora ot kSouth America and several island 
archipelagoes and was struck by the manner in which animal types 
sha<le into each other as well ashy the distinctive forms found on .‘separate 
islands. He began this journey witli a lielicf in scparalc cro.ation, but 
the facts ho obson inl caused him KnwluaUy to give iii) tlii-s explanation for 
that of the inutabilily of species. On his return to England in 1S37, ho 
began to collect facts on plant and animal viirialioii and during the next 
year, ^^hi!e reading MuIUuis’k “I-lssay on Vopulation,” the idea of tlu: 
^l^Jggle for existence that is constantly going on in n.atun* ns an exi>lana- 
tioa of the gri'.il variely «if plant and animal S|K'eies came to him as it 
had prx'Vioudy ctune to Wells, Matthew, ami j>crhaps manv others. 
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I>an\m’s thesis imoVvcd four points ( 1 ) thit organisms varj', t c , 
are not exactly like their parents, uhicli no one can suctessfullj denj , ( 2 ) 
that these \ an'' tions arc or maj be hcrwl»tiir> , t c , passed along to future 
descendants, which again is a comnionphte, ( 3 ) that there is a continual 
struggle for existence m nature, and ( 1 ) tlmt those best fitted to survuc 
m the given environment will be the most apt to sunne and should, 
therefore, leaxo the most descendants, which seems to be a \cr} logical 
assumption He thought that the working of the abo\c-named four 
principles would account for the great yarictj of forms of plants and 
animals which now inhahit the earth or have inliabitcd it m the past 
Dan\m accepted evolution as a working hjTiothesis, accepted the 
obvious facts of variation and hereditary transmission of potentialities, 
and adduced a tremendous amount of data that seemed to support his 
thesis that natural selection or, to use Spencer’s term, "the survival of 
the fittest,” 18 the leading actor m this drama of survival DarvMnism 
IS not the process of gradual development itself but is one suggestion as 
to how evolution vvorl^ Discussions among biologists, therefore, regard- 
ing the correctness or incorrectness of Darwinism are discussions regard- 
ing the mechanism of evolution, not questionings of the process itself^ 
which practically all biologists and other scientists accept as a \er> 
probable— as the most probable-fact 
Danim saw that organisms vary He had observed the keen com- 
petition to survive m both the plant and animal world, and, when those 
two ideas are added, the sum is inevitably natural selection As has 
been said, the title of Darwin’s book should have been the "Survival' 
rather than the " ‘ Origin’ of Species ’ He accepted variation as he saw 
it without attempting to explain its underlying causes He accepted the 
older ideas of the influences of use and disuse of parts in causing develop- 
ment or atrophy He concuried m the belief that the environment could 
cause heritable vanations He made no distinction between germinal 
and environmental variations He believed to a certain extent at lev?* 
m the inheritance of acquired ch^acters and formulated a mechanism 
for its operation in his theory of pangenesis, t e , gemmules from all parts 
of the organism being deposited or registered m the germ cells ready to be 
passed along to the next generation 

It w ould have been truly miraculous if Darwin had made no mistakes 
Little was known at the time about germ cells and their cytology 
Chromosomes now the accepted bearers of hereditary potentialities, 
w ere undreamed of and naturally the synthesis of cytology and genetics 
into a firm foundation for biological thought was lacking 

Darwin did not distinguish between genetic and environmental vana 
tions but depended on a strong principle of inheritance that pre- 
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sumably included both. Later research has shoAvn that the germ cells, 
ora and spermatozoa, are the bridge of inheritance between parents and 
their offspring, and numerous attempts to demonstrate the inheritance 
of acquired chaiaoteiistios (environmental variations) have failed. Dar- 
win accepted all variations as potentially heritable and was concerned 
with the mechanism that allowed some variants to survive and breed 
successfully, whereas others failed. His conclusion was that the environ- 
ment acted as the selecting agency, preserving some variations while 



1 lo 23 — Chnilcs DaTivin (Courtcay of The Journal of Ilcrcdily ) 

destroying others. Tills is knoiiii as natural selection. lie built his 
thcorj' on tho cumulative action of a multitude of small variations and 
looked V ith disfavor on the possible contribution of big jumps, saltations, 
or mutaliona. 

DanNin’s success \ias due to his caro and patience in gathering facts, 
a t \sk to M Inch he devoted 25 years, and to his formulation of a v. orkablc 
theory into vhicli the facts >\ould fit. lie used the inductive method of 
^citnto, from facts to general principles rather than the deductive method 
o principles to facts, lie hcHcvcd that variations occur at random and 
m* ed IIea\cn lo “forfcial him from I.4imurck's nonsense of a tendenev 
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w^G \.\D /ir//oi> v; M of i- UMf 4V/u i/s 

to progression or from the slo\\ ^MUlng of animals", in other he 

did not believe m some outside design 

A Tl ■N^nUveo another EnglHi natiimlist and contemporar} oi 

win reached a conclusion verj wmilar to Darwm’H at about the same 
tune, although he had not marshalcil so much data to support Ins thesis as 
had Darwin and therefore like a true gentleman and scientist jic e< 
first phee in this field to Darwin , 

Natural Selection — Thus far no hotter thcorj for the appearance o 
new spccica Im been suggested than Darwin's natural selection among 
naturally arising variations Darwin did not tr> to account for tie 
origin of new heritable variants that might m time become new species 
Concern over natural selection, adaptation, and the huilding of h)po- 
thetical classifications prohahlj did much to retard mqiiirj into the ba^ic 
facts regarding the origin and mechanism of hereditary vanations ani 
their mode of transmission It was not until the twentieth century, 
through the synthesis of chcmicd physical, genetic, and cytologic » 
sciences that we were to begin to have a clear conception of the basis of 
living matter and its gradual development through germinal changes 
There have been many attempts to deny the validity of the comer 
stone of Darwin a theory, natural selection and likewise many attempts 
to replace It w ith other theories fhc'c m gcncraltokc two forms one 
the substitution of orthogenesis, or progression from natural causes m a 
straight Ime for Darwin s random variation and the other an appeal to 
an internal mystic directing force within the living material 
For the emergence of complex from simple animal forms two things 
are necessary (1) living matcnal and (2) some variation These nm 
obvious to any observing person and there has yet to be suggested a 
better selective agency than the one proposed by Darwin In many 
species of plants and animals nature s passive selection has now been 
superseded by man s active selection Our task as liv estock breeders 
consists of feaming more about the workings of living matenal mcena 
nisms of heredity and variation and of devising systems of breeding and 
selection so that the inherent possibilities of our stock, may have the 
opportunity to make themselves manifest 

Evidence for Evolution — lock of space prevents a lengthy discussion 
of the various lines of evidence which seem to indicate the validity of the 
general theory of evolution In outline they are as follows 

1 Classification or Taxonomy The fact that all the 800 000 described 
species of animals can be arranged into ll phyla and the 250 000 known 
species of plants into 4 phyla the whole resembling a branching tree 

2 Comparatiie Erribryology The fact that all embryos start as single- 
Celled zygotes progress along similar lines of development, and that those 
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of the higher species pass hurriedly through stages ^vhich are the end 
product of organisms lo\vor down the evolutionary scale. 

3. Comparafc Anatomy, The fact that the brain, heart, and other 
organs show a progressive development from lower to higher species, that 
all mammals have the same bony framework, the bones in the flipper of a 
whale, the udng of a bird, the front leg of a horse, and the arm of a man 
being similar in general form and articulation. 

4. Vestigial Siniciures. The fact that man during his embryonic life 
develops a set of gill clefts and arches, a tail, and a fairly heavy covering 
of hair, all of which disappear before birth, and that adult man has ear 
and tail muscles, an appendix, and many other vestigial structures which 
arc well-developed and functional lower down the animal scale. 

5. Paleontology. The fact that fossil remains of animals show a 
progressive development from lower to higher in ascending strata of the 
earth’s crust. 

G. Zoogeography. The fact that species grow increasingly divergent 
in form in widening circles from their point of origin. 

7. Blood Tests. The fact that the blood of closely related animals 
shows small incompatibilities as measured by amount of precipitation, 
whereas distantly related ones show great incompatibilities. 

8. Observation and Experimeni. The fact that all of our breeds of 
farm animals have been made by a process of selection during about the 
past 200 years and that recently a successful cross was made between the 
radish and the cabbage giving a true breeding foim having some charac- 
teristics of both parents but no longer being fertile with either parent. 

Evolution of the Horse. — The evolution of the horse is more com- 
pletely knoun from fossils than is that of any other species of animal. 
Evidences of horse.s are found in both the New and Old Worlds as far 
hack as Eocene time. Loomis, the leading American student of the 
fovsil horse, held that the species arose in Western North America and 
mignitod across what is now Bering Strait into Asia and Europe. They 
ucre once i)opulous in South America as well and have been completely 
vipetl out in both continents at difTcrent times. Prehistoric horses 
vero very’ abundant in both North and Soutli America but ucrc not 
present here when Columbus made his dk^covery of this continent. 

Hio American reprcS'iitativc of Efiuus in ICocenc times was Eoluppus. 
This MRS a murH animal 10 to 20 in. tall, uith four toes on the front h-el 
and three on the hind feet. The hon-e representative of tlie Oligo- 
cene w jvs Mc'^ohippus, a thn'r^toeil hor'C, standing nhont 2 1 in. high. On 
ihrtnigh tin* Mioeene, PJkH-<-nc, niu! Plie^sloeene, the evolntion.ary proee-s 
rtueals riure>«-i\e .-nl.aptartons to prnMUimto the siM'citM from the sUind- 
prunt of both nutritioti and repriKluctlon. 
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As the horse chinfic, from a deniion of 
forest ami later to that of the o,>on pramo, h.a f >'' J ’ 
and more roashoned to smt tho K"''" V’‘ . llraeture of the 

Accompanymg ties change eomca a grrat "’1“ lengthen, 

feet and legs The cannon Ik, nos met ,c >n> >ls graduall} 

the middle toe grous larger and atrongcr, nn 1 the otl c 
disappear This pcnnits grcitcr and greiler ''1“"'’ the 

species had to depend for siiraiaal In the ’ nd and 

middle or third toe remains, SMlli rudiments (splints) of tl 0 
fourth tees The rocene horse uitl. tour toes recounts I'O ^ „„„ 

changes It is confidcnltj hoped the onginal fitc-tTCd ^ ,,.^,11 

daj be discos cred P igure 24 shou s tfie progrcssis c changes in t 
and lorchmbs of the horse from Lohippus to the modem Lquus j 

Mechanism of Evolution— Granted li\mg forms, capable ol ^ 
and reproduction, and emnled relative but not ^..amicstion 

evolutionary process isould seem to be inc\ itablc The 
at this point ■would appear to be, what is the mechanism oi P 
how did it Avork? The answer logically involves two factors, on 
internal features and tho otlicr the influence of the external 

We have assumed that life originated m minute and relative > ^ 

forms Because the modern science of genetics has shown that 1 

ance at the present time depends upon the make-up of the 
meaning thereby their content of genes it again seems logical to 
that this has been the system of inheritance from the very ongin o 


onwaru . 

We do not at the present moment know the chemical cont 
structure of any gene After proper staining, tho chromosomes > ® 
the higher species can be readily observed These bodies alwavs a 
a definite form and number m each species They appear super cia 
to be made up of units strung together much like beads on a s rin ^ 
These individual units are the genes Studies of the giant chromosome 
found in the salivary glands of Drosophila melanogaster v\hen m ^ 
larval stage have shown that the genes are discrete bodies or regions o 
the greater whole, the chromosome Cytological investigations ha 
revealed also that demonstrable departures from the normal m mature 
pomace flies are correlated with evident changes in the form or arr^g®" 
ment of the discrete units making up the chromosomes the genes ^ i 

and many other features of correspondence between genetic developme 
and cytological form will be discussed later when we discuss the ebrom 
osomal theory of mhentance Suffice it to say here that this ev idence 
has now reached the point where it can no longer be doubted In otn 
words the modem breeder now has a workable theory of mhentance 
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Fio 2i — Showing progressive changes m skull feet and teeth of the horse {From Matthew Quarterly Renew of Btologyt 

Willtama IFtlAnns Company ) 
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MJ \T Of f U U 

vho-o broad outlmoa Olipcar applical.lo to nil fontiH of "p,° ° 

dctads haxo alrcadx boon tvorkcl ont ,n mnnj of 
more rapidlj nmUipljinR forms And tlm thoorj . ^„(„l,tic3 

genes is the hereclitiirj units in\oU«l in t!ie trinsmission of I 
from parent to offspring , , . i ,» cenc 

riic mechanism of inheritance l>cU\ecn indiMiluan todaj 
The mechanism of evolution, inlicnlancc lictwccn all hung o 
all time, is imdouhtcdlj aho the gene lor this to be tnic, i 
must be able to rcpiwluco it‘-clf t'cnclU It docs this todaj a 
cell div ision, it has done it billions of times m j our ovv n bo< > , 
undoubtedlj been doing it wnce the earliest hung forms 
In addition to reproducing itself cxaclljr, the gene must a!®o le 
of occasionallj producing some slight tbangc as it reproduces i 
This power has also been demonstrated m to<laj s living forms 
Buch changes have been given the name mulattons Tlierc "ou < 
to be no nght or ncccssitj for dcnjing tins power to living forms r 
tbeir \ erv inception .. 

This in brief form is the content of modern cvohitionarj thoug ^ 
In other words its mechanism is to be found m changes m the 
Of nccessitj onlj those changes which were rclativelj "light 


survive Anj living form from a single gene to a horse is a verj 


cately balanced mechanism Anj major change would prohablj 
lethal A horse s legs might grow a little longer and if this little 
not too much to prevent the mouth from reaching to the ground 
horse would survave, if too great it would be handicapped in securing 
food Likewise small changes m genes are possible of survival large 
ones probably not The gene or the horhc can adapt itself to 


changes not to large ones In time the summation of many ^ma 
changes would of course cause the organism to vary considerab y 
from its ong nal state This w ill I e recognized as the heart of t e 
Darwinian theory of the origin of new forms It is still the most logics 
explanation of that process 

The stream of life is therefore the germ plasm and the germ plasm 
is the sum of the genes Perhaps the genes existed first as naked bodies 
next became grouped into aggregates next took on cytoplasm to assist 
in their growing complexity of function We might liken the whole 
process to radiating assembly lines The hub or core is the simplest 
living form the gene One assembly line adds but little material as 
the genes pass along it and there eventuates at the end of the line an 
amoeba Another adds more and different matcnals so that there roll 
off this line marine forms I ke fish Yet another line produces amphibia 
another reptiles another birds and yet another mammals The workers 
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along these assembly lines are the genes, their raw materials chemical 
elements or compounds, their finished products all the millions of forms 
of plants and animals that have lived or exist now. 

■Role of the Environment. — The other feature of this general problem 
of the mechanism of evolution is concerned with the environment. 
Various roles have been ascribed to this feature in the past. As noted 
earlier, Lamarck and others before and since his time have given first 
place to the environment as the causative factor of variation. That 
the environment may have been very active in causing variations in 
the minute and relatively naked early li\nng (germinal) material seems 
quite probable, after the hereditary material had encased itself in a 
protective coat of cytoplasm seems less likely. Just where the dividing 
line may have come is hard to say. Recent research has shown that the 
* germ cells of forms like D. melanogaster are highly subject to change due 
to direct treatment by varjung dosages of X rays or of heat. It seems 
unnecessary to doubt that the relatively better protected germ cells of 
higher forms might be subject to similar experimental influences, though 
perhaps to h lessened degree. That the germ cells can be changed by 
such processes seems well established, that the changes can be induced 
in an advantageously directed manner is not established. Osring to the 
delicate balance between any organism and its environment, most of 
the changes seem to be deleterious rather than beneficial. 

The general role of the environment, at least in later stages of the 
developmental process, seems to have been that of a passive selective 
agent rather than the direct causative agent. Probably both natural 
genetic variability and that induced by the environment have functioned 
5rom the start. In its earlier stages, changes were perhaps more largely 
due to the environment; in its later stages, mostly to genetic variations, 
natural changes in the genes, although for any variation there is pre- 
sumably some specific cause. This natural genetic mutability is capable 
of at least two sorts of explanation. Either it is induced by some outside 
supernatural force, or it is inherent in the relatively unstable nature of 
the material itself. 

^ The mechanism of inheritance is to he found in the germinal mate- 
rials, the genes. The process of progressive change is best viewed as 
that of interactions between the genes and their environment, both 
cellular and general. In the higher forms, the environment seems to 
act largely in a passive manner, somewhat perhaps in the nature of a 
sieve, allowing some varieties better fitted for their particular environ- 
ment to sun’ivc and leave offspring, whercaB others are unable to do so. 
It also seems plausible to think that variations in a certain direction 
might Iciul to still others in the same direction, a view known as ortho- 
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genesis The List man horn arose through u gmdtml 
process beginning a, one untlif!ercnl.ated zjgote, ending as an organism 
made up of billions of eells organized into a definite pittern t 
him off from all his felloes as a nnique individual Logic as ncii 
fact, as far as knonn, dictate that the first man nas made by a similar 

proce'is t g 

Mechanism of Development— Any organism, plant or ammai, 
composed of cells, one, hundreds, thousands, or billions In the year 



TiQ 25 — -D agiatn of a typical cell with elructurea commonly present al attractio 
sphere ch chromatin network ft cell inclus ons cm cell membrane en eentrosoine 
cy cytoplasm I limn thread n nucleus nt nucleolus nm nuefear membrai e ne 
sap p plastids pdw plastid divid ng v vacuole (Prom Shull Prxncxt^es of AnxTna 
Bidogy ) 

1665 Hooke observed the cellular structure of cork In 1838 , tuo Ger- 
man scientists, Schleiden and Schwann propounded the cell theory for 
both plants and animals In its very briefest form, the cell doctrine 
states that all plants and animals are made up of units called cells In 
both the plant and the animal kmgdoms are found all degrees of com- 
plexity from single celled organisms like algae and amoebae, to highly 
specialized structures, such as plants and farm ammals, winch consist 
literally of billions of cells 

A cell IS a bit of Imng protoplasm m -vihich are to be found vacuoles 
plastids, a centrosome, and a nucleus the Mholc sometimes surrounded 
by a v, all and sometimes naked The really important part is the con- 
tent of the cell the sum total of which is called protoplasm This includes 
the nucleus, centrosome and the nsnaining portion called the cytoplasm 
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The body of any multicellular organism is made up of cells (and cell 
products) that have arisen through cell division from one original cell 
called a zygoto. The zygote is the product of the union of two reproduc- 
tive cells, viz.j an ovum from the female and a spermatozoon from the 
male. 

Tollo'wing the fertilization, of an ovum by a spermatozoon, the result- 
ing zygote begins to grow by means of cell division. This one original 
cell divides into t^YO cells, these two into four, etc., until the complete 
organsim, consisting of billions of cells in the higher animals, is produced. 
The complex individuals found among the higher animals are composed 
of a great diveisity of kinds of cells that have arisen through speciliza- 
tion. All the organs of an animal body are composed of cells more or 
less specialized in form and function for definite purposes — lung cells 
for breathing, brain cells for thinking, etc. Reproduction is likewise 
alTected thiough the activity of certain specialized cells. 

Classification of Cells. — For clarity, and because of certain funda- 
mental differences, the cells making up any organism are grouped into 
two categories. One of these, called the somatoplasm, includes all the 
cells necessary to the well-being of the particular individual whose com- 
ponent parts they are. The other relates to the cells immediately con- 
cerned in the production of future individuals and is called the germ 
plasm. It is essential that the student differentiate clearly between 
these two. True, the germ cells are housed in and nourished by means 
of the soma or body cells, but differences in cell division as well as in 
function place the former in a class by themselves. In farm animals 
a new individual arises through cell division from a zygote, which is an 
ovum Qv ^gg tbat, bos by a 

from the male. 

Both ova and spermatozoa are cells %rith the characteristic cytoplasm 
and nucleus. The ova are produced in the ovaries of the female. Ova 
are usually larger than the spermatozoa because of the stored-up food 
material in the yolk that must serve to nourish the developing individual 
until the latter becomes firmly attached in the utcnis of the mother. 
The spermatozoa, produced in the testicles of the male, arc also specialized 
for their function of socking out and fertilizing the ova. They have a 
characteristic shape, ve^ unlike that of the ova, being made up of three 
parts, vis., the head, containing the nucleus; the body, containing the 
ccnlrosoine; and the elongated tail, uliich gives the spermatozoa their 
motility. The chromo*'omes found in the nuclei of the germ cells furnish 
the “bridge of inheritance” between parent and offspring. 

Chromosomes and Genes. — The thoon' was advanced many years 
ago that certain definite entities in the nucleus of the germ cell brought 
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*„ut the development o( eertam 

md.vKl.nl s..l.-cque..t .nvevt.Bal.on .n ‘ ^ „ „„.Kc<l 

leetncsa o( tl..e l.jpothcs.v In the h.Bhcv nn.malv here 
d. 5 tinet.on hctvvccn soma and Bonn plasm and .. t 
plasm and the ....clcus o! the Ecrm tells H .s .n t 1 
detcrm.ncrs tor the md.v .dual'a charattenst.es are locatwl 11 
.tselt .s made up of two prmc.pal p .rts, the l.n.n no {„ir,|l.nB .ts 

matm matenal Tins latter goes through v supported 
funct.ons In a restmg state, rt .3 stnmg out ... a long 

on the Jmm neUsork As n*'' 
starts to d.vule, the el.romat.n 
thro 111 shortens and th.ckcns amt, 
finallv , breaks up mto the number 
of chromosomes charactcnst.c ol 

the fipccscs 

Tach species of plant and ani- 
mal has tt characteristic number 
of chromosomes This t»umbcr is 
found m the nuclei of all the cell 
of the bodj that haao a nucleus, 
with the exception of the gc^ 
cells at certain stages as will be 
noted later In the human, the 
number of chromosomes is 48, m 
cattle, GO in Drosophila 8, m 
corn 20 , and m wheat, 10 The 
chromosomes themseUes arc 
divided into two categories, ia2, 
autosomes and sex chromosomes, the latter being so named because 
they carry the principal determiners for sex as well as for certain 
other characteristics The chromosomes occur m a \arictj of shapes, 
though for the most part they are rodhke or oval m shape Abundan 
cytological and experimental breeding data have now been diligent y 
studied, and these data have proved that each chromosome consists o 
a great many constituents known as genes, which are the indivisio 
units of inheritance 

It 13 supposed that certain of the filterable viruses which are assume 
to be the causative agents m certain diseases such as hog cholera, arc 
composed quite largely of nuclear or chromatin matenal w ith very little 
or no cjtoplasm present As indicated above it seems most probable 
that life must have originated m somewhat similar minute bodies and 
that from this minute origin all the varied forms of living things have 



Tio 20 — D ploid chromosome complement 
at metaphau In root tip of \ teta faba 
8pindle*attachment reg ons of all cl romo 
aomes near equator Nucleolus-forn in* re- 
gions aro by the secondary constrictions 
above and below In tl is strain one pair of 
short chromosomes has conspicuous con 
strictions also (left and right) X 1750 
(Front iSAorp Introduction to Cyletooa) 
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arisen by means of heredity and \arii.tion The most logical reason 
for the differences betncen indi\idunls would scorn to ho that their 
chromatin elements diifei The same is undoubtedly true of speues, 
class, and phvletio differences Dunng coll division the chromatin 
becomes stretched out into a long thread, and at more or loss regular 
intervals the thread exhibits regions of thichenmg In othei voids, 
the chromosomes look like strings of beads These beads are the genes 


Tahlc 8 — CiinoMosoiiF NtrunEns m Man and Farm Mammals 









ne\\ daughter cells each with cytoplasm centrosorae and nucleus "it 
its chromatin in place of the one original parent cell 

Such cell division with differentiation is characteristic of the rise 
of a many celled organism from a single celled zj gote times this 
process stops short and a dwarf results and at other times it continues 
beyond the normal the individual ii ith an extra numl er of cells being a 
giant \ anous types of abnormalities anse from causes unknown 
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I’lu 28. — Tho division of a lunnfs cell in a culUire of chick ombrjo cells. Aliovc arc tho 
times at iNhich the (Iranuitfs Mere taken, the whole senes ropreienting I liour. (From C. C, 
IIuTtt, The Mrchanitm of Crcaltrc Urofufton, The Macmillan Company.) 


The force ihtvt specifics Athcn, where, and how differentiation is to take 
place is not definitely known. Perhaps it is the result of resprinsc to 
internal stimuli, perhaps to pressure of other cells, perhaps to the influ- 
cncc'< of organizing centers. Up to the present, difTerentiation is .still 
largely a mystery, but the wonder should arise not at the fact that 
occusioiiully almormalitics arc produced but, rather, that the whole 
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complicated process from tlio one to the hillions with consequent diffc 
entiation is ever accomplished perfectly. , 

Origin of Germ Cells.— The mechanism of 
germ ceils, the only direct contnlmtion of parents to their o p 
in the higher species. The mete of origin of germ cells is a t ^ O ™P ^ 
tant consideration. As nc thidl see m detail in the nc\t Ini ' P 
they arc produced in testicles and ovaries, hut tljcy shouU ) 
of as direct lineal descendants of llic fertilizes! ovum that 1ms a so pi 
rise to the entire somatoplasm of the individual now pro< uemp P 
cells At sexual maturity, K»“”n cells vriU hepin to be producwl >} 
germ plasm, but the chromosomes and penes in thc^-c perm cc s are 
derived in the final analysis from the body of the parent (soma 
but from the same source from v\hich the bo<ly of the parent ms co , 
riz., the fertilized ovum or zyROic. . 

Summary. — We have tricil in this chapter to trace the broad oil i ^ 
of the process of development of animals from its probable inccplmn m 
ultramicroscopio forms on up tlirouph its varied manifestations o i 
final cvcntuation in tiic highest mammals. We have tried to corre a 
the processes of heredity and variation, ns vse know them to mani es 
themselves today in our breeding animals, with the preator process o 
the production of new species and races. We have seen that life nppar 
ently first manifcitcd itself in some very simple forms, and that >y 
means of heredity and variation plus differential surv’ival all the ihousant s 
of higher forms have gradually made their appearance in an order > 
progression. Thus it has appeared that all living forms arc related, or, 
if not all tracing back to one onpinal living thing, they all must trace 
back to similar onginal nianifcslalions of life Finally, ^\c outlined t ic 
process of somatic mitosis by means of which a new individual gradua y 
arises from a fertilized egg. 
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CHAl’lLIl IV 


THE MALE'S PART IN REPRODDCTION 

The science ol plivsiolnio secLe lo explain the hn« ami the 
the varied reactions or respon^c^ of li\ inR orunni'^mK to evtcrnn 
stimuli and to determine the function of oacli or^ in of the ho( ' , 
the interrelations cvislinR among all parts of the hodv The P . j 
of reproduction seeks to explain the pirt that each of the . 

organs of this Bjistcm plajs m the animal’s ahilitj to reproduce ) , ^ 

Trom the time of the carl) Greeks on through the Dark Ages, ic 
of Galen, art anatomist of the second ccntur>, scr\o<l as the autn 
m anatomical and ph> siological science This was in keeping "» 
general tendency of the time to hchcae what someone cl«c ' 

rather than to question and to seek to test whcllicr what was asse 
was actuall) true Galen used the method of oliscnation hut ma( c 
observations on animals alone, appl>ing the results m a general waj 


In 1315, an Italian professor, Mondino da I uzzi b) name, pubhs 
work on human anatomy based on dissection of human bodies rather a 

on Galen’s authority It remained, howexcr, for Vesahus, a Belgian o ^ 

in 1514 to break the allegiance to old authorit) and to set up expenmen a 


inquiry m its place 

After the establishment of the experimental method, m which 
an Englishman played a leading part all that remained needful w as 
perfection of method Up to the sexenteenth century, restricted progre 
was all that could be expected for it was not until then that men sue i a® 
Hooke and Grew in England Malpighi in Italy, and Swammerdam an 
Leeuwenhoek in Holland began to dexelop compound microscopes 
study of minute phenomena of all kinds Physiology is founded upon 
the function of organs but it was not until 1838 that men began to und^ 
stand even the structure of organs This development started xv ith 
founding of the cell doctnne of Schlcidcn and Schwann in that j ear 
Preformation and Incasement — ^Thc older thought and belief regar 
mg reproduction were embodied m the "preformation theory" This 
98 
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^\as, in effect, a theory that the whole body ^\ith all its parts was already 
contained in the egg or speiin of an animal but in such a minute and 
transparent form that it could not be detected and that, therefoie, the 
^vhole of development was nothing moic than a growth, oi an unfolding, 


of the parts that weie already “infolded.” 
Closely connected A\itli this theory was that 
of incasement. According to this theory, the 
cmhrj'onic ovary was supposed to contain the 
ova of the follo^ving generation; these again 
the ova of the next, etc,, ad infinitum. 

Early Discoveries in Embryology. — Wolff, 
in 1759, after careful observations, proved 
that embryonic development did not consist 
of an unfolding of the preformed organs but 
vas a series of new constructions, one part 
arising after another, all of them simple in 
their early stages, though perhaps highly 
specialized later. The substantiation of his 
finding by OKcn, in 1800, stimulated activity 
in the field of cmbryological research. Baer 
tNOS the most successful of these investigators 
Ilis contribution led to the discovery of the 
three germinal layers on the germ disk of all 
the higher animals, viz , the ectoderm, the 
mesoderm, and the endoderm. 

Dte cct{N}erm hter Ote 

H\stcm, important parts of tlic sen'se orKans, tlie 
outer I lycr of the akin, oiul 80100 others; from tho 
omlodcrm, the hninj; of most of the digo^li\c trat t 
and surli outgrow tlis of the digeslivc lul»o ns the 
lt\cr, pHurcas, and the liinRs; nnd from the 



r>o 20 — Ilnrtsoekor’s con- 
ception of human nperm in 
noconlnnre with the thoorj of 
preformntiun (lOOl). 


Jui‘**CMlerm, the muscles, bones, blood sj-stem, and mo-jt of tlio urogenital 


p>s.tem.‘ 


liter also first djstoveaal (he human ovum, a tiny cell in tlic Graafian 
hdltele tfos in diamitcr. 


Ten >p»rH after It irr h id i;j\en a firm foundation to cmbr^'olocical pcienre by 
(htor> of Krrm httrs, n new t.tsk eonfronltal it on the estiblishment of the 
etlluhr tlnxrj*, m ISts, Wli »l i« the relation of tlie onim arnl the I lycr^i whirh 
fmm It to the li'-ui's and crib winch compose the fully tlctcIojKsl orjrtm*'m? 

' H*r<'xri, U ,’‘nic llid<neuf the Viiiti rv,” p 5'1, llarjw'r .t. Ufothem. New Yorl. 
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Tl)e correct ins«er to this difficult question T^as gi\en alwut the middle 
centur} bj ti\o distmgmshe<l pupils of Joh-inncs MuHcr Robert enw , 
Berlin, and Albert Kolhker, of Wurzburg They showed tint the ojmm is a 
first one simple cell and that the manj germinal globules, or granu ^ w uc 
anse from it bj repeated segmentation, are aI‘>o simple cells From us mu 
berryhke group of cells are constructed first the germinal laj era, and subsequen j , 
bj differentiation or din^ion of labor, all the different organs. Kolliker s 
further merit of showing that the seminal fluid of male animals is also a mass o 

microscopic cells Thus it was proied that both the materials of generation, e 

male sperm and the female ova, fell in with the cellular theory ' 

Forms of Reproduction — From the standpoint of nature, 
three main considerations for any succession of individuals (1) ® 

individual must be bom, (2) it must grow to maturitj, and (3) it mu' 
reproduce in order that the cycle mav be endless Reproduction is t ® 
most \ ital consideration m nature U simply cannot fad, and the adap- 
tations to prev ent failure are almost endless 
There are two general t>T)es of reproduction, iu 2 , asevual and sevua 

Asdcual 

Ftmon Cell division 

Buddtng A small part being pinched off 

Vegelaltie Regeneration of a whole from a part 

SCCUVL 

Parlhenogenests Female hatching >oung from unfertilized eggs 
Paedogenesis Reproduction b\ young or larval animals (maj b® 
parthenogenetic) 

Hcrmaphrodiltsm Both sexes in one indivudual 

Umsexualtsm Requiring combined function of two individuals of 
opposite sex 

In all the higher animala uni^exuahty prev ails, the union of male ao^^ 
female germ cells produced b> the two separate entities being nece‘«ar> 
for the production of a new mdividual All the marv elouslj specialized 
organs, m both male and female for accomphshing this result hav e had a 
common ongin and, although the differentiation probably began millions 
of j cars ago, there still remain many similanties betw een the male and 
the female genitalia The reproductive organs of one sex have their 
homologues in the other, althou^ each has been specialized for its re‘T>o® 
tive function The genital ndge the first indication of sex organs in the 
embryo, is much alike in both male and female of the higher species for a 
considerable time before specialization begins 
^Ihtd 
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It amU be tbe purpose m this and the following chapter to study the 
pnnciples underlying reproductive physiology It is not the purpose to 
attempt to develop veterinarians hoiiever desirable that might be from 
a breeding standpoint, but to impart to the breedei intimate knoi\ ledge 
of the principles underlying reproduction, m order that he may practice 
his profession rvusely and understand and counsel mth the vetermanan 
nhcn it becomes necessary to call upon the latter 

Embryological Development of the Genitalia — The urogemtal system 
of the higher animals is formed for the most part from mesodermal tissue 
This double sjstem, designed both to iid the body of certain naste prod- 
ucts and to provide a means for reproducing the species, has had a very 
interesting evolutionary development 

The earliest stage in this de\elopment results in the formation of the 
paired pronephne tubules, or pronephros This is the functional kidney 
in Amphioxus and some lampiejs It forms in 7 to 14 somites toivard 
the cephalic end of the embryo from the intermediate cell mass of the 
mesodermal somite (nephrotome) Mesialiy this forms an invagination 
opening into the coelom, v ith m Inch blood \ essels communicate and waste 
products transfuse into these m\agmated areas The free or distal end 
of this section of each of these somites canalizes, the tubular ends bend 
backn ard, anastomose, and form a duct that runs posteriorly and empties 
into the cloaca, the pronephne duct These structures are found m 
early embrj onic stages of larval h&hes, amphibians, reptiles, birds, and 
mammals but arc transitional 

The second kidney formed is the mesonephros As the pnmitno 
pronephne tubules degenerate, there arc fonned behind them about 80 
i\\c‘'Oncphnc tubules that empty into the alrcad\ formed pronephne duct 
'Dus second formation is known os the mesone p hros or iro tglag body and 
scn.es the higher organism as a temporary excretory organ, although in 
man it is entirely degenerate m a four-month embrj o Tlic old prono- 
phric duct IS now called the mesonephrte or 11 olJTian duct For some 
lar\al fish and amplulnnns, the mesonephros is the permanent kidnej 
The true kidncj is the tliird stage m this c\ olutionary process The 
urctir and collecting tubules of the permanent kidnej grow out from the 
taudd end of the mesonephric duct, while the eccretorj tubules and 
UowTwan's capsule arc formed from the caudal end of the nephrogenic 
cord 

Ihe Krowth of those ti'^suc-sm the huccessuc somitcsofthecarh tmhrjo 
e lines a longitudinal ndge Known as the vroyrmlal ridge to form m the 
IkhIn tuMlN on either Mde of the rndhin line Hits ndge soon diMcks 
mlo a 1 itirnl ini Mincphnc foKl and a meilian gentt i! fold In tlie fonni r 
nu localetl the Molffnn dmt nlnad\ spoken of, ind there later fonns 
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bj mvagm-vtion, inothcr bobow tube, ^ interest 

portion of the uroRenitil foW— the gcnitnl Tin*’ 

because it is destined to fom from near the diaphragm 

told in the earb m ceks of embrj onic life eaten ,|.^„,„rior portion 

bank ton ard the posterior end of the emhtjo IjU a more 

of the bodj grons rclatiiely faster, so that the f 

caudal position, and this together with difTcrcntial P gonads, 

genital told to assume a beanhke shape Tlius nrc form 

or preeursors of testes and oiancs i,». „ nair of undiffer- 

The human embrjo, therefore, nt six weeks hns P 
entiated gonads and two sets of tuhes, Wolffian and ^gg 

has been previousb determined bj the chromosome con 
and sperm but there has as jet been no differentiation o ^ 
or female parts Such differentiation begins to be noticea 
sex w eeka when the embrj o is about yi to H >n m length 
If the embryo is destined to become a male, the gonads '““P 
development into testes, which pass down „ s,,.. (old 

about a month before birth into tlic scrotum The t\ olffian du i t ^ 
pronephno) differentiates into the long, aanoiislj , ^rongh 

which will excntuallj carry the spermatozoa from the testes ouz 
the perns The Mullenan duct on the otlicr hand atrophies an^ ex 
for two smaU vestiges (at the top of the testicle and embeddea m 
prostate gland), disappears .4. ,l»celoP 

If the embrjo is destined to become a female, the gonaos 
into o\anes, the MUUenan duct into the utenne tubes, uterus, ce » 
and part of the \agina, while the Wolffian duct, again except or 
small nonfunctional vestiges m theovarj, disappears 
sex-differentiatmg mechanism fails to function properlj and 
incomplete stages of both sexes appear in the mdi\ idual, popular > , 
erroneously called hermaphrodilcs 

The gonad consists of a central core of connectl^ e tissue, or stro 
with blood vessels and nerves and is covered with a lajer of germi ^ 
epithelium Columns of cells (Pflugers egg cords) from the 
epithelium grow down into the stroma In the male these cords gi' 
nse to the con-v oluted seminiferous tubules that after birth canalize m ^ 
tubules m which the spermatozoa eventually are formed , 

tentacular cells of Sertoli or nurse cells, are formed within the 
from the undifferentiated epithelial cells of the sex cords, while ® 
interstitial cells that lie outside and around the tubules are formed fro® 
the mesenchymal stroma After the fifth week, a dense lajer of con^ 
nective tissue, the tunica albuginea, develops between tbe germi 
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cpitliclium and the sex coids, and the epithelium is reduced to a single 
layer of flat cells 

In the female the process is very similar, except that the first group of 
egg cords seems to disappear, after nhich another group of egg cords 
passes donn into the stroma of the ovary These egg cords bieak up 
and form the many thousands of immature follicles that are present in 
the ovaries at birth 

It IS seen from the above that the primordial germ cells are present in 
an embrj o at a very eaily age Granted normal health, there is nothing 
that a breeder can do to change them or then hereditarj units in any n ay 
Trom a genetic point of view, an animal will transmit 3'ust the same when 
it is a two-year old as when it is a ten year old We can trace these 
early germ cells’ precursors in the embryonic testes or ovaiies back to the 
original fertilized egg or zygote that gave rise to this particular embryo 
It IS seen, therefore, that the manner in which an animal will transmit 
IS determined very early, actually when the specific egg was fertilized 
by the specific sperm to produce this specific ammal The new being 
got certain determmers of hereditary characteristics from both of its 
parents At sexual maturity, it will be ready to pass on a sample half of 
this hereditary material to each of its offspring After fertilization has 
once taken place, the breeder is powerless to change the genetic make-up 
of the developing fetus His only chance for animal improvement comes 
before this event, and his task is to devise ways of learning the genetic 
content of the germ cells of his animals so that he may know what ho 
actually has from a genetic standpoint in the animals m his herd or flock 
The genital tubercle develops m the mid-lme between the umbilical 
eotd and amis at ohovit the third or taurth wc-ok of ombryowio life Ow 
Its caudal slope there appears a small urethral groove In the male this 
grooic closes over, and it eicntiially extends all the way through the 
penis and the glans Rounded ridges (labio-scrotal sivellings) appear on 
c ich faidc of the base of the phallus and in the male hollow out to form the 
Iwo-thnmbcrcd scrotum or sac in winch the testes arc earned In the 
female the phallus lags in deiclojimcnt and cicntuallj forms the clitoris, 
while the lahio-scrotal swellings form the labia majora, or external lips 
of Iho xaili a 

The Testis — ^In mammals, with the exception of the whale, elephant, 
rhinoceros, and seal which do not ha\c scrota, the testes arc picscnt m 
llu ^erotum at or shorth following birth Their basic nnatomi is cstab- 
h«h(Hl clunng cmbiyonic and fetal dc\clopmci\t, but their functional 
<l(\cU)pmcnt nw nts the proper tniironnunt il and endoenne stimulation 
llio testis IS coscred l>\ a dinMi conncclise-tis-suc capsule, the timici 
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albuEincT Irom cimncc.ui.c-tis'iuc c\tcn'iions the Bcpta, railnle 

aid div.dc the tcata, into lolmlca W.tl.m t icl. lobule arc the «m.m ' 
croua tubule, long coder! duct, m vrh.cl. the Bpcruiutozoa Mill er < ntua y 
be produced The Ecmmifermw tubules cent ergo at the apesos 



turn enter the rcte testis a system of irregular anastomosing cavernous 
spaces From the rete testis there is a senes of ductules (about 20 m 
man) vhich emerge on the surface of the testis and enter the head of the 
epididymis Around and between the seminiferous tubules there are 
numerous blood vessels nerves and connective tissue and the inter 
stitial or Levdig cells 
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The testis has two distinct functions. The older, phylogenetically, is 
probably the nr oduction of spermatozoa . This function is carried on in 
the seminiferous tubules. The second function is the production of the 
male hormone, testosteieae. The male hormone is necessary for the 
development and function of the male genital organs and for such second- 
ary sexual characteristics as sexual drive, facial hair in the human, and 



1 to 31 — Scmischcmatic figuro ehovung small segment ol the wall ot an nctwo seminif- 
erous tubulo The sequence of e\cnt9 in the production of spermm is indicited b> tho 
numbers A spcrmntogonmm (1) goes into mitosis (2) producing tiro daughter cells (2n 
(ind 2h). One daughter cell (2a) may remain peripherally located as a new Bpcrinntogonium 
eventually coming to occupy aucU nTiosUion as lo Tho other daughter cell (26) ma^ grow 
into n primnrj spcrmatoc^ to (3) being croaded mcanii lulo nearer tho lumen of tlic tubulo 
hen fully groiin the primary spermatoc>to uill go into mitosis again (4) and produce two 
eecondarj apormatoo tes (6, fi). Each sccondarj s]>crmntoc> te at once divides agam (0, fi) 
producing spermatids (7) Tho spermatids become embedded in the tip of a BertoU cell 
7a), there undergoing their metamorphosis and liccoming spermta (8), iihlch when mature 
are dtlached Into tho lumen of the seminiferous tubulo (From PaUm, Emhryoloijy of tho 
Pig, 2d td , The DlaKuion Company) 


the brillinnt feather pattents of some birds. The hormonal function is 
carried on by the inte rstitial cells . 

Tho mature acti\c tc>tis is a \orj’ busy and cfTirient orpan. Since 
millions and even billionh of sjwrm arc ejaculatc<l at each copulation, 
tho .«:urfatc area of tho germimil epithelium is necessarily larpo. It has 
bwn estimated that tlie hcminiferous Itibnlcs of man, if laid end to end, 
^^^mld oN-lend about 1,1)00 ft. and in the bull nearly 3 mi. At birth tlio 
Koiniiuferous tulniles contain a baval 1 ijcr of loo^-oly arranged cells called 
llie siK.nnatoKutu .1 and the Sertoli or nur«o eills to t\lmh the ppenn will 
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tcmporarfy attach t ’'™;?'™ ZT 

There is no central canal in ‘“Mbs at thia t ^ 

opmcnt progresses, the ^ 

form primao- spermatocj tcs f^'Turn As this 

tocytes, spermatids, and sperrnatosoa m their prop 

process progresses, the testis increases m sire, the 

mcrease in diameter, a central canal appears m each tubule, 



^ Jl —— — . 

Fia 32 — Seminiferous tubule of mature rat testis Observe the almost djagraimn 
arrangement of the cells and the abundaoce of all cell types 

sperm e\entuaUy pass througli Ibe tubuli recti into the rete testis, 
efferent ducts, and thence to the epididymis _ ^ 

In order that the number of chromosomes typical of the species may 
maintained, and yet a means of variation provided, sperm proh era i 
IS accompanied by a process called miosis The spermatogoma, or 
mother cells, grot\ and enlai^e and may divide to form either o 
spermatogonia or primary spermatocytes The spermatogonium re 
at the nail of the tubule, nhile the other, the primary spermatocj 
begins to move to\\ard the lumen This latter cell goes through " 
rapid cell divisions Previous to the first cell di% ision, synapsis (fusm 
of like members of pairs of chromosomes) occurs 
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lieso by a subsequent mitosis give rise to four functional gametes (G). Sinnott Q.nd Dunn, 




U)S mnmso n» niritoM vi m of h t«'< n/>Mf 

KurmB njiupMi cicll <it llic fuwl ''“"'"'‘’P’"’ 
reproduces, cicli one thus commR o j ,j j pj,rc(l throma- 

roaUing a bundle ot four cbromiituK or H'® „ „[ a 

,ds bust about each other at tins t.mc, and „f ,be 

ehromatul replaced h> a ^“'7, f ehromatm 

homologous pair of sister chromatids ,inc,,s,cd full} >n a later 

material belMCcn nousistcr chromatids Mill be discus cel 
cluiptcr uhen iic arc dealing nith croasmg o\cr chromatids, 

Sjaiapsis IS folloMcd hj disiuiictioo of the fu.<x pairs o chm 
one pair non moving to each of the two poles of the ceh ^ 
completion ot this migration of chiomitids, the " ' „„nnal 

forming two sccondnrj spermnlocvtca, each with one- 



Pr myy sperrra^xyte 
s*trc‘c<! tywo ! of lutv'o 

f^cUxtcn d WS07 
I'lC'fjd ng tyrepiJS 
Sf''0'>dcry tperrooiocylcs 
WJlhOiy hoUtl^POrriW 

nuiTioc' of cofofjvso^s 

Spcnrchds 
Spermetsoorood/to 
tSvfl Out from the testicles 
to fertilize on oirum 

no 3^4 — cfnatic eorott tferous tul ul« »1 owing epermatogene*!*. 


nnmhcr ot chromosomes for the particular apocics, each m 

fu«»cil pair of chromatids This di\ ision is spoken of ns the 

dttnsion, because the t>\o resulting cells arc not identical ^Mth the 
cell The t>\o sccondarj Rpcrmalocj tes now go through ft homo 
division, one of each of the original four chromatids being found m e 
of the resulting four spermatids Tlie spermatids in turn become c 
gated, the nucleus paases to one end, and the opposite end stretches 
into a long filamentous tail the lashing of which pro^ ides the sperm "i ^ 
its motility The newly formed spermatozoa then become attache 
the large nurse or Sertoli cells, which project toward the lumen o 
Bcmmif erous tubules The fully developed spermatozoa are found e^ c 
tually m the lumina of the tubules through which they make their e- 
from the testes ■ 

Hormonal Regulation of the Testis — The primary regulating ag®^ 
of the testis are the gonadotropic hormones produced by the anteri 
pituitary gland If these hormones fail to be produced m sunici 
amounts in the young ammal sexual maturity does not occur 1 ft> 
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of gonadotropic hormone production in the mature animal is followed hy 
both, spermatogenic and endocrine dysfunction of the testis Ihere are 
two gonadotropic hormones. One is called the follicle-stimulating hor- 
mone (FSH) and the other the luteinizing hormone (LH). These 
gonadotropins also regulate ovarian function, and their names aie actu- 
ally descriptive of their effects in the female. Some workers refer to the 
luteinizing hormone as the interstitial-cell-stimulating hormone (ICSH). 
Both hormones are proteins and have been isolated from the anterior 
pituitary in relatively pure form. Both h’SH and LH produce enlarge- 



Tig 35 — 1 Immature fowl testis, comported primarily of spermatogonia 2 Mature fowl 
tc-itis showing abundant germinal cells of oil t>pcs including sperm 


ment of the testis -alien injected, but each acts in a different manner. 
The development and maintenance of the seminiferous tubules and 
spermatogenesis are dependent primarily on FSII. The interstitial cells 
of the testis, uhich secrete the male hormone, are stimulated by BH. 
Although the male hormone is concerned chiefly uith the accessory 
structures of the male genitalia and the secondary sexual characteris- 
tics, it may also assist in the development and function of the seminiferous 
tubules. Thus it appears that the normal development of the seminifer- 
ous tubules depends upon I^IT, Lll, and the male hormone. 

Age and Testis Function. — Tlicrc are uido species, strain, and individ- 
ual difterenccs in the age at s\hich spcmiaiozo.a are produce<l. Studies 
at the Punluc Kxperiment Station (Hogue and Schnetrler, 1937) showed 
that in the chitken full Bijcnmilogcnesis v.nH attained between the 



The elects of le domestic fo«l, “ 

,.de species vanat.ons In t-K ^ more effect on sperma- 

probaWy corroct to generalize sported a m^ 

togenesis than temperature McKenz junng 

Sine m semen quality uhen rams "™ sanations on 

Sumter has summarizrf^tn ™ I„ San Fran 

are praaten«y ™ ^"^"SSanHj'Sver conceptions m 

ria , and Charleston, S C , there a ^ > fertility is mn'’®®” 

tSsVpSsSrSatateshig^^^^^^^ 

SSStSTerTStvoSnSimals maintained under norma 


_,partti« vx*v 

't ScTear that environmental alteration does 

proee. The mode of act,on_ot the eaterna, gland 


process The mode of action of the external e pituitary g'a”d 

least partially understood Th* tc^ieuto or oUan activity 

brings about a coniplete ^a^^on of euher tc^^ 


brings about a complete cessation of “ t,„ii of the anterior 

und seasonal reproductive cycles d activity I‘ 

nituitary gonadotropic hormones reestablishes go p,lating 

!nma« therefore, that the anterior pituitary is ‘he chief re^ 
agent ’tHc several possibilities by which (1948) d“ 

iXence gonad function have been to affect 

some species the ferret the optic nerve essentml 

the anterior pituitary whereas in the duck the “Pt'C n 

There are marked seasonal differences m general metab ,be 

conceivably affect the gonads directly or indirectly hy mea^ 
anterior pituitary Body heat production rises as the 

perature declines Much of the, is due to changes m ac 

thyroid gland In the human it has long been knmreth 

and hyperthyroidism are assoemted with lowered fert (I 94 G) 

evidence that this may also bo true of farm animals ^iijorinone 

found that thyroprotem a compound which contains the tny jner 

thyroxme will correct certain types of infertility m ™ ^.duced 

and Andrews (1948) reported that experimental hy-pothyroi 

semen quaht> m the fowl j . tr irpneral 

The effects of season upon the quality of feedstuffs an g pjaeDce 
of nutrition should not be o\erlookcd It is perhaps no luxuri 

that fertility is highest dunng the months when pastures are 
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ant. Throughout much of the United States the nutritive status of 
animals declines during the late winter months, and the stimulating 
effects of spring pastvires on milk production, growth, fertility, and gen- 
eral health are well known. This is due to the fact that some of the 
constituents of feeds, c.g., vitamin A, deteriorate during storage. Vita- 
min A is essential for normal fertility, and pasture is one of the richest 
source of this vitamin. 

The Hormonal Functions of the Testis. — ^As previously stated, the 
testis is concerned vith the production of spermatozoa and the secretion 
of the male hormone by the inter- 
stitial or Leydig cells. Although the 
testicular hormone was not identi- 
fied chemically until 1935, Bcrthold 
had suggested as early as 1849 that 
the testis produced a substance which 
was responsible for the development 
of the secondary sexual character- 
istics. The term male hormone is a 
broad one and is not limited to a 
specific compound. Although occa- 
sional reports have boon made that 
the testis produces more than one 
hormone, the best evidence available 
indicates that only one is secreted 
by the testis itself. This testicular 
hormone is called testosterone and is 
the most potent of the male hormones. Testosfenjiie 

The male hormones as a group arc SG-— Structural formulas of two of 

” , . tho most common male liormones. 

called the androgens or androgenic 

hormones. Testosterone, then, is a specific androgen and is produced by 
the testis. The androgens arc ividcly distributed in animal cells and 
secretions. Androstcrone, an androgen about one-sixth as potent physio- 
logically as testosterone, is usually present in significant amounts in the 
urine of males. Androgems can also be produced by the ovaries and tho 
adrenal cortex. In the human female it is not uncommon for the adrenals 
to secrete excessive amounts of androgens and for such male character- 
istics as facial hair to develop. In the lien it is not unusual for rather 
marked male secondurj’ sexual changes to occur. Extensive comb 
growth, crowing, and male sexual behavior may be observed. TIicso arc 
due to increased androgen prothiction, the source of vhich is usually the 
rudimentary ovarj' of the fowl, or the adrenal cortex. It is thus clear 
that the androgens arc not limited to one sex, that tissues other than 
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fte tesfe can Pf^duce them ^ 


din, 


Bvnthesiaed in the laboratoiy- usually secreted Dy 

In the intact w means of tte blood and lymph to 

specialized cells and are their speciBc effects. 


: usually secreted bJ’ 


specialized cells and are their specific effecto^ 

utber parts of the b^J jhere 


;rera?^';.;;‘, s; -hich m^e 

uroans of chemical ='>“^7“““ ^^,urone enters the caplUan<« nbch 
^rceuism as a Tvholo. lestosterone gpu,e ol 


uTthe organism as a nholc. body cells. Some of 

^uVply thl interstitial 


tial cells aoa ja 

ftesVcells are very responsive lo thT^" ^ 

of the coch, and tissues such M those fouuQ _ 


the small 

of the cock, ana iissui::. =txvz. ^ effective if 

little affected. “'“’77 “Le compounds are relawdj^ 

administered. Most of t e ma e effective methods of a nun 

ineffective if administered “(TbeTudrogen in oil solu t.ou or 

istration are the subcutaneous loj imnlanted beneath the 

SThe form of dense P^’’^‘-!’“'^,rd^ 1 e"^ 1 h«ac.eristics.-'^e 
The Male Hormones and Seconds^ s ,n the 

oppo.sito to the changes ntoh 7'’°^°® j“ulfpmeut, and function 
hormone Is essential lor the normal rfute nud Cosvpcrs 

of the male genital organs. The seminal ^it tey undergo 

glands am dependent on thm hormone. The growth 

!;r;:S:rprTelr:f:^" 

thrSidToiens. In man and the common to an^ ^ ^ 

present mom or less continuously from P''^^ “ i„di,n,e t^ 

prmdously psplamed ‘he pri^uce ^ 


musvo..- 

nrcNnously explamea, vue p»»sc«saavse v.. -,n+ necessaoiy 

sperm am being produced. The ability to cop^te 
iSt folloiving castration. The PsychuiuS-cM “"PT^mediltely lost even 
behavior patterns, ivhen once establish^am not iinme^ J ^ 
vhen their physiological basB is changrf. ^ctiidty of 

am strictly seasonal bmedeis. hormonal and spermat^ 
the testes am closely cormlatcd and sexual drive is f ^oad- 

It has long been known that the chaiactcnstic male and f eroa 
ary sexual characteristics are dependent upon the gonads, ^^uud- 
cliaractcrs fail to develop following prepubertal castmtion. ^ 
ary sex characlcra are highly developed and have been mucli 
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birds. In some species, tlic English sparrow, the feather ji 
not altered by castration or androgen injection. In the dol 
gonolic and hormonal factors are both involved and in gencri 
plumage is dependent upon the male hormone. The tusks ol , 
horns and crest of the bull, horns of the ram, and comb of tho v-ucK are 
either reduced in size or lacking if castration is performed at an early age. 
Neither masculinity nor femininity arc absolute. The physiologist 
explains this partially on the basis of relative differences in the sex 
hormones, the psychologist on the basis of training and experience, and 
the geneticist on the basis of gene composition. '\\Tiatever the mech- 
anism, there is agreement that sex is relative. The ox is a much more 
tractable animal than the bull, and this knowledge has been made use of 
for centuries. The eunuch is characterized by a high-pitched voice, a 
small chest, beardless face, and is often described as lacking in aggressive- 
ness and intellect. 

Miscellaneous Effects of the Male Hormone. — Hundreds of studies on 
the effects of the androgens on various tissues and body functions have 
been made. A few of the many effects of these compounds are therefore 
mentioned. The androgens both stimulate and inhibit general body 
growth. The effects vary with species and level of hormone dosage. 
They may increase metabolic rate, increase red-blood cell formation in 
castrate males, be concerned wth pigmentation of the skin, baldness, 
fat-deposition patterns, nervousness, and numerous other conditions. 
They have been used experimentally in the treatment of such diverse 
diseases as angina pectoris, cancer, mastitis, and ^ing^vorm of the scalp. 
It is not implied that the androgens have primary effects in the situations 
mentioned but that the chemical regulation of the organism by hormones 
is truly a complex mechanism. 

Castration. — The removal of the testes is one of the oldest of surgical 
procedures. In ancient times, men destined for the priesthood were 
castrated and prisoners of war and the vanquished were often thus 
treated. Tho effects of castration depend somewhat on the ago at which 
the operation is performed. Prepubertal castration of tho farm animals 
produces: (1) permanent sterility, (2) increased skeletal development duo 
to prolonged growth of the long bones, (3) failure of normal development 
of the genital organs, (4) absence or retardation of the secondary sexual 
characteristics, (5) improved carcass quality because of increased fat 
deposition and rotarclalion of such characters as hca^-j' shoulders and 
neck, (G) absence or retardation of sex drive, (7) varjdng psychic changes 
depending upon the species involvctl. After sexual and body growth 
ha\e been attained, the outward evidences* of castration m.ay bo lcs.s 
miirkcd. Tho most usual oilccls aio (1) atrophy of tho genital organs, 
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,«l„.ord.m.nut.onofl.b,do, ( 3 ) — d fat acpo.t.on, (4) decrease 

basal metabolic rate, and (5) decreased ^ the testes, how 

The tem cmlmhon implies the ™'Eical tern ' ‘ the 

ever, several methods of securmg “'/“amen The most 

removal of the gonads are non practiced J the loner 

common method m complete removal “ Europe, and m 

portion of the scrotum and then remove the test ^ tjpe 

parts of the United States, castmtion is jf double-hmged 

of instrument called the Burdiszo forceps ^,„ea dependmg 

pincers capable of great pressure and arc made in 

on the type of animal involved One spermatic ^ ^ tting the 
in the scrotum and placed ,ord and vas deferens 

scrotum 1 \Tien pressure is applied, the s^nnatie co ^ 

are severed by crushing men properly don , because its blood 
elective The testicle iromediatelj begins produced 

supply has been cut off and all the effects of atm” ,,„ains 

Ttas method is caUed bloodless castration because the scrotu ^ 
intact Infection is rare and difficulties with ^ gt^tes from 

method, called elastration was introduced *0 U“‘ 7 ™ec.alheavy 
Australia in 1947 Castration is accompljshed W P'ncmg ” P , 5.^5 
elastic band around the scrotum of lambs at a fow day f 
pressure cuts off the blood supply to the testes and eotota P^ bs 
atrophy This method is reported to have been favorably 

Western sheepmen „„rt,nd 3 is a simple 

The castration of lambs and pigs by conventional ■““'’d® tunc 
procedure and should be earned out by stockmen at ^^^tmed 

The problem is more difficult m cattle and colts and should b P 
by a veterinarian unless the oiraer has thoroughly learned t ® 

The oardmal features are (1) sanitation dean hands jedso 

and clean premises, (2) melsions which are largo enough anu 
as to ensure complete drainage of the nound, (3) the coi^ e ^pgr 
of both testes, (4) prevention of excessive loss of blood, 1 j ^ , tfje 
restraint of the ammal, (6) the prevention of undue escltemc 

animal f,,m\ntlia 

Lambs are easily castrated by cutting off the tip of the ™ tyni 

knife or large pair of shears When pressure is apphed to the s 
the testes are easily grasped In young lambs they are best 
pulling -nith gentle pressure until the spermatic cord breaks gtb 

usuallj held on. their backs by an attendant Two mcisioM © Aggtes 
of the scrotum about in from the median lines are made, the 
squeezed out and removed by pulling until the cord breaks 'youpS 

spermatic cord \vith a sharp knife will cause excessi\ e bleeding ? 
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animals it is best severed by traction. In older animals it should be 
crushed nitli an emasculatome. 

If icccntly castrated animals are confined to dirty premises, infection, 
sometimes tetanus, may occur. In warm weather a fly icpellant should 
be used. 

Lambs and pigs are usually castrated at two to four weeks of age, 
calves at six to twelve weeks, and colts at about one year of age. 

Scrotum. — ^The testes are formed in the abdominal cavity, and in some 
species remain there throughout life. In the course of evolutionary 
development they gradually came to lie at the posterior end of the body 
pressing against the body wall. A continuation of this process finally 
led to an outpouching at this region forming a sac, the scrotum, outside 
the body proper. It is here that the testicles are found in mammalian 
farm animals. In many other animals (e.g., birds) they remain in the 
abdominal cavity permanently, whereas still others (c.g., woodchuck) 
show an intermediate phase with the testicles descending into the scrotum 
during the breeding or rutting season and being withdrawn into the body 
cavity when this season is completed. 

In addition to serving as a covering for the testicles, the scrotum also 
functions as a thermoregulatory meclianism. This function of the 
scrotum is shown by actual differences in temperature, as demonstrated 
by Moore and Quick (1924) and Phillips and McKenzie (1934), the 
temporaturo in the scrotum being from 1 to 8®C. lower than that of the 
abdominal cavity. It has been shown by several workers that insulation 
or the application of heat to the testicles results in a degeneration of the 
spcrmatogenetic tissue, the production of abnormal sperm, and temporary 

Experimental transposition of the testes to the abdominal cavity leads 
to the same result, and it has been shown that cooling of the abdomen 
after transposing the testicles retards the rate of spermatogenic degenera- 
tion, If this degeneration has not been too severe or prolonged, the 
testicles recover their spermatogenic function when all conditions return 
to normal. Moderate lowering of the temperature of the testicles has 
been shoAYii to have no deleterious effect on spermatogenesis. 

The thonno rpgulator>^ function of the scrotum is accomplished through 
the medium of the tunic a dortos muscle, as Bho^vn by Phillips and 
McKenzie (1934). This muscular coat consists of fibroclastic and smooth 
muscle and consists of two layers, an outer layer applied closely to the 
skin of the scrotum and a heavier inner layer. Tliis muscle is highly 
bcnsilivo to changes in temperature, drawing the testicles close up to the 
body at low temperatures and reversing the process at high tcmpcraturc.s. 
As showii by PUiUips and Andrews (1030) tVic development of tlie darlos 
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anatomically and physiologically atTurfuo to 

especially their spormatogcniodovclopmcnt Wor ^ „[ the 
thit castration of prepuberta rats P^JXrfmts ”s followed by 
thermoregulatory function, The Ljcction of testosterone 

the loss of the function (Tyrell el ol ; ' f„„et.on, depending 

either produced or maintained the t>'»™“ 3 “Xnuist and Andreiis. 
on the age at nhich castration was performed (Almquist 


1944) 


In other words, the gradual transition j‘™ed tubules 

seminiferous tubules of a newborn 

endowed wath the poner of producing mature wm P by the 

occurs during the first few months P®'*'’ P“'''‘“^’ ’ mechanism 

development of the dartos and its transition into a ,„inmcally desU' 

for keeping the temperature of the testicles within p ys 

able bounds , , , „„„ snecies where 

If the testicles remain in the abdominal cavity ” ^ P bnonm as 

they should normally descend into the scrotum, a o ^ 

cryptorchidism, they usually lack their and the 

their endocrine function In some animals, e g , the elep ^ 
anteater. the testicles remain m the abdominal cavity , gj.,odically 

e 5 , most of the rodents and the hedgehog, they " m*- 
during the breeding season into the scrotum, season 

dram mto the abdominal cavity at the end of the ® brough 

In the stallion, bull, boar, and ram the 03 and 

the inguinal canal with the pelvic cavity, where tho accessory org 

the glands are located j ,1 «= a serious 

Any malformation of the genital organs should be regarded as 
or disqualifying defect of a herd sire If an animal “ if 

orchid, he will usually be sterile Fertility may be „bidisin 

one testis is present m the scrotum It is well known that cryp 
can be inherited, therefore any animal with this charactensti » 
a line where cryptorchidism is prevalent, should not be used lor 
purposes In commercial livestock production, the occurrence 
orchidism increases the difficulties of castration, results m ® 
carcass quality when one of the testes is missed at the time ot cas 
and decreases the value of purebred animals that otherwise mig 

sold as breeders allows tbc 

Sometimes the inguinal canal fails to close properly ana ai 
viscera to enter the scrotum This condition is known as scrota 
and 13 knowTi to be heritable . 

VEpididymis — The convoluted seminiferous tubules converge 
mediastinum testis (absent m Equidae) and there join severally o 
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from 6 to 24 efferent ducts. These in turn unite into one duct, thus 
giving rise to the epididymis, a greatly coiled tube varying from a few 
feet to several hundred feet in length in some species. The epididymis 
is lined udth tall columnar, ciliated epithelial cells surrounded by a muscu- 
lar wall, and this in turn is covered by the serosa. One arises near the 
top of each testis where it is coiled to form the head of the epididymis. 
It eventually passes do^vn the side of the testis, in a part called the body, 
to the bottom of the testis where it forms the tail of the epididymis. 
This tube continues the passageway for the egress of spermatozoa from 
the seminiferous tubules. The passage of sperm through the epididymis 
requires 4 to 7 days in the rabbit and 5 to 6 days in the ram (Anderson, 
1945). It appears that passage is accomplished by the ciliated colls in 
the vasa efferentia and epididymis, by testicular pressure and by contrac- 
tions of these structures which occur during ejaculation. ' 

It is well known that spermatozoa recovered from the testis do not 
have the same capacity to fertilize ova which sperm in the vas deferens 
have.’ The work of Young (1929) clearly showed that a process of 
maturation of the spermatozoa occurs in the epididymis. Sperm recov- 
ered from the head of the epididymis produced approximately half as 
many conceptions as those taken from the tail region. Many studies on 
epididymal function have been conducted in recent years. It is generally 
agreed that the epididymis provides the most favorable medium for 
the maintenance of sperm viability. The accumulation of harmful 
metabolites is apparently at a minimum, and the reaction is such that 
the sperm mature and remain in a resting state until ejaculated. It has 
been reported by several investigators that epididymal bull sperm ate 
more resistant to cold shock than are ejaculated spermatozoa (Lasley 
and Mayer, 1944). The functions of the epididymis aie (1) a passage 
and storage place for sperm, (2) the secretion of a small amount of fluid 
wluch contributes to the semen, (3) maturation of the spermatozoa. The 
maintenance of normal epididymal function is dependent upon the 
presence of the testis hormone. In the absence of the testes, epididymal 
sperm have a reduced length of life as measured by the maintenance of 
sperm motility. 

Vasa deferentia. — These tubes arc a continuation of the epididymides, 
continuing the passage for the spermatozoa to the urethra. The walls 
of tlio vasa deferentia arc thick and consist of layers of mucosa, sub- 
mucosa, muscularis, and fibrosa or serosa. The lumina are small, giving 
tlio tubes a firm cordlike character. They arc lined with ciliated colum- 
nar epilhclial colls. In some species there is an enlargement (ampulla 
of llcnlo) near the termination of each vas deferens. This is absent in 
the boar, quite small in the dog and cat, and large in the bull, ram, and 
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bemg o^ er 1 m m diameter and often exccrfmg 6 m “ 

Glands of the a as deferens add to the total conten blood 

a as deferens, together aaith longitudinal strands of sin ^nnatic 

a cssels, and ncra es all encased in a fibrous sheath ma P the 

cord (taao of them) that passes up through the inguinal ca 

pelvic cavitj deferentia 

Storihtj can be produced by cutting or tjnng ^^p^^tion 

This operation, vasectomy, is legalized in some states for t , 

of the feeble-minded, criminally insane, and certain 
Sterility results because sperm are prevented from entering 
Spermatogenesis continues m the testes and the hormona 
normal Because some glands, eg, the J„.pgtomy 

excurrent ducts are closed, it v\as hypothesized that following 
sperm formation would e\entuall> cease It was likewise 
the atrophj of the seminiferous tubules would allow the .ygbt 

to produce more hormone and that sexual reju\ enation coul --.jable 
about Information which nould tend to dispro\c this ^as a 
as earl> as 1830, but the so-callcd rejuvenating operation ^as 
performed in Europe m the lOSO’s Expenments on many 
clearly shon-n that sperm formation does not cease The , 

are produced undergo resorption wathin the seminiferous tubu es 
the epididjmis , 

Ejaculatory Ducts — ^These are formed through a xmion oi x 
deferens and the proximal portion of the seminal x esicle on eac 
They open into the floor of the urethra through small slitlike ape 
betxxocn uhich is found in man, the uterus masculmus, which is 
homologue of the uterus and X agma of the female In some species 
the boar, there are separate openings for the x asa deferentia and the ^ 
inal X esicles into the urethra On the floor of the prostatic portion o 
urethra is found a small elexation knoxvn as the ensta urethra or c p 
gallinagims, xihich contains erectile tissues and thus prexents the scin 
from passing backxsard into the bladder at time of serxnce 

Semmal Vesicles — These are the largest of the accessorj glan 
reproduction in the male Thej arc located m the pelxic caxitj at 
ends of the xasa deferentia being an outgroxvth of the latter at 
urethral end and each connects XMth the urethra bj means of a duct 

McKenzie Miller and Baug^ (1938) report as follows^ on the seniina 
X esicles of the boar 

T1 e glands are tortuous elongated hollow bodies with x cry irregular branched 
lumina an 1 numerous out-pockctings The wall consLsts of a thm external con 

'McKtsiir f i MiiLm J C aninAi.GE«sI C , The lUrproductixe Organ* 

nn I ‘5cmen of n e Bosr tfo Afr Fxpt Sta Bui 2~9 193S p 30 
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' nectlve tissue sheet, of a thin middle layer of muscle, and of a mucous membrane 
resting upon a thin submucous layer. The mucous membrane forms an elaborate 
sj'stem of thin, high primary folds which branch into secondary and tertiary folds. 
These project far into the lumen, anastomosing frequently ^^dth one another, 
thereby forming many irregularly shaped cavities of different sizes. These 
cavities are separated from one another by thin branching partitions, and all 
opening into a larger cavity. 

The epitheUum lies on a thin vascularized connective tissue supported by 
muscle strands. Although showing some variation, the epithelium is simple 
columnar in nature wnth some areas pseudostratified. The nuclei are round or 
oval shaped and located at or near the base. Secretion granules are present 
above the nuclei and on the free surface, drops or bulblike formations appear. 
These are cast into the lumen, forming the secretion product. The fluid has a 
gray, opaque color, a medium viscosity, and a pH of approvimately 6.7. 

There is no cential duct of the seminal vesicles. Instead, there are several 
large ducts branching and anastomosing irregularly, which finally converge into 
one excretory duct. The duct from each seminal vesicle enters the urethra as a 
slitrhke opening, close to, but ventro-lateral to the vasa openings. 

The seminal vesicles vary in size according to the animal and the 
species, being in the horse C to 8 in. long and about 2 in. in diameter. 
They are lacking in the dog and cat. The function of the seminal 
vesicles, although not fully understood, is thought to be the secretion 
of a fluid that furnishes a medium for transport of the spermatozoa. 
This secretion is tluck, alkaline, and globulin-containing. The vesicles 
were formerly thought to serve as a storage place for spermatozoa, hence 
their name, but this theory has been disproved. The seminal vesicles 
are not Sot reproduction as eiddenced by the fact that their 

removal docs not produce sterility. 

Prostate. — ^At the neck of the bladder, surrounding or nearly surround- 
ing the urethra and connecting ^vith it by two rows of openings on either 
side of the ejaculatory ducts, is the prostate gland. This gland is a 
composite of many small compound tubuloalveolar branching glands. 
^IcKenzie ct al. (1938) studied the prostate in the boar^ and wrote: 

The prostate gland in the boar is a yellowish multilobular gland. It is com- 
posed of two parts; the body or bulb, closely attached to the dorso-latcral surface 
of the iM'lvic uretiira at its anterior extremity, and the pars disseminata which is 
attached to the body but embedded in the wall of the pelvic urethra beneath the 
body of the gland. The body of the gland weighs from 15 to 25 grams and 
mcibures alwut 5 cm. in length by 4 cm. across by 0.6 cm. thick. The ratio of 
prostate l>ody w eight to the live w eight of tho animals w as about 1 : 8,000. 


* Ihid., p. 42. 
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The glanduHr teue « f.rm a.O.out “h‘ch h« = 

.eirction vhich can be cxiiellwl bj pressure , miaa of Eccretor) 

„„rbecn nude m a hnonn wL,l aCEEcb ncuea and 

tubules tolbdes, connccUtc Insuc ,J„iUompoun(UubulMb eolM 

rr:;,.SLt — •“ •’•■ ■” '“ 

•rsrr.S’iii. -r 'x=5i= 

ducts and alveob appear to be „,rhebum rests upon a 

„ no d,sl.ncl basement membrane and “"= ' le or pseudostrabded 

lajcr of conneettve tusue Theeptlbebum r:m« ,„gor cavi 

columnar m the smaller abeoli to cnbmd eytoplasm and cjtoplas- 

ties Kumerous eccretor) granules can be sec colls 

mic drops appear to be attached to ‘be ''to c ^ ’’ „t of dense eonn« 

There rs abundant mterstit.al tissue ^ smooth muscles 

tn e tissue with collagenous fibers and elastic > onnectise t.siue 

arranged in strands of aarying thielcn^ There is also 
capsule about the pcnplicry of the gland 

The secretion ot the prostate is viscid and tea poo' *“ 

The prostatio soorotion is alkaline, tends to suitable medium 

and at the time of ejaculation, and provides (rodents) the 

for transportation of the spermatoioa In some nni i t 
abundant secretion of the seminal vesicles is to of the male 

an enzyme in the prostatie fluid and thus 

becomes a more or less solid plug in the vngma “ number 

Cowper's Glands -Col-Tier’s glands (bulbo-urothral), ‘ ^^jedm 
and eorrespondmg to the glands of Bartholin m woman n p„r 

the urethral muscle (except m the boar) on either bi j ^ small 

tiou of the urethra, with which each commumcates bj the 

duct Thej are lacking m the dog and very greatlj ^ pelvic 

boar, a species in which they may extend the entire i^nds and 

floor and reach a diameter of IH m The function of ,, seerc- 

the urethral glands is thought to be that of producing a th® 

tion for the purpose of neutralizing and cleansing the urct 
passage through it of the mam bulk of the semen ^jje 

Perns — ^The remaining portion of the male genitalia co 
penis This organ besides conveying urine to genital 

additional function of conveying spermatozoa into the le , ^mes 
tract The penis is made up of muscular and erectile tissue tna 
engorged with blood during the process of erection 

Farm animals exhibit a wide variation in the structure ot 
In the horse the end of the perns is rounded and the organ n 
the vagina at copulation In the bull the diameter is muc sm 
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the external urethral orifice situated in the urethral papilla at the end and 
on the left side. The urethial papilla of the bull represents a vestigial 
filiform appendage. This is rvell developed in the ram in the form of a 
slender appendage, -whieh protrudes beyond the glans penis in a twisted 
manner. The penis of the boar is not provided with an appendage or 
lateral papilla, and the opening to the exterior is situated at the end of the 
organ and in the center. 

Friction on the glans penis or on the homologuc in the female, the 
clitoris, finally leads to a sexual orgasm during copulation that is in part a 
reflex action, for it can take place after the spinal cord has been tran- 
sected. Ejaculation by the male is effected by a series of muscular con- 
tractions beginning in the vasa efferentia and involving the epididymis, 
vasadeferentia, seminal vesicles, prostate, and Cou'per’s glands. The final 
discharge of the semen is brought about by the rhythmical contractions 
of the bulbocavernosus and ischiocavernosus muscles, which, proceeding 
progressively in waves, result in the ejaculation of the semen from the 
external onfice of the penis. 

Now, in i4sum6, it may bo said that the essential organs of reproduc- 
tion in the male aie the testes, whose functions are to produce sperma- 
tozoa and the male hormone; the accessory glands, the prostate, the 
seminal vesicles, the Cowper’s glands, -whose function it is to furnish a 
medium for the spermatozoa to travel in on their way to impregnate the 
female; and the epididymides, vasa deferentia, and urethra, the parts of a 
long tube that is concerned with the maturation and passage of the 
spermatozoa. The blood vessels, nerves, and muscles function in bring- 
ing about erection and ejaculation. 

Physicochemical Properties of Semen. — Semen is the entire dis- 
charge of the male during normal ejaculation. It consists of t^vo general 
portions. The cellular elements, the spermatozoa, are produced by the 
testis. The liquid portion of the semen, the plasma, consists of the secre- 
tions of the seminiferous tubules, epididymides, vasa deferentia, seminal 
vesiclos, prostate, and CowTjer’s glands and the diffuse glandular coils 
which are present in certain parts of the urethra. As sho-wn in Table 9 
there are great differences in the volume of semen and numbers of sperma- 
tozoa in the different classes of animals. Wlion semen w'as centrifuged 
and the volume of packed colls determined, it was showm that approxi- 
mately 15 per cent of fowl semen, by volume, is composed of sperma- 
tozoa. Bull semen contains about 10 per cent sperm by volume (Shaffner 
and Andrew's, 1013). 

llioiisands of chemical determinations have been made on the semen of 
vurions species and on the soerctions of the various parts of the genital 
system. One of the chief purposes of mch determinations has been to 
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gam.nformat.onwh.chwouldkadtotWcvetepmentofs^^^^^ 

Uaforsperm Th.s approach has been of 

tions As biochemists i\ell know, the determ complex 

rple compounds tells very httle about the orBan.aat.on of 
biological systems 

Tabix 9 —Some Quavtitative Data on Seme^ ai.d Speh^i^ ___ 



Volume per 

Sperm per 1 

Total sperm 

Animal 

ejaculate, m 
cubic 

cubic 1 

TOillimetcr 

in ejaculate 


centimeters 


— 

Boar 

StallioTi 

Bull 

lUm 

Dog 

Cock 

200 1 
100 

3-4t 

0 8 

7 0 

0 6 

100,000 

60 000 
800,000 
1,000 000 
5,000,0001 
3,000 OOOt 

1 20,000 000 000 

6 000 000,000 
3,000 000,000 

1 800 000 000 

35 000 000 OOOt 

1 1,800,000,0001 

♦ Adapt44 Irons Tablo 3 p. 36 C/ S 
t About 1 tewpoosluL 

Otpt Agr Ctr 

5«7 


t , 

Numerous studies have been made of the bj 

have been separated from the semen, washed, and t e 
cenlrdugation It .s Uoum that the sperm heads ‘ „lh 

protein, protamine, and certain morgamc bases m comhm t 
nucleic acids It B likely that these basic proteins are sjm uar ^ 

composition of the Ecnes themselves, and it is also likely that i 
many years before their structure and composition are understo 
The semen itself b chiefly w ater, the amount differing w ith spe 
the relative concentration of sperm per unit volume of seme 
amount of water vanes from about 90 per cent in man to a ou 

cent m the dog , blood 

One of the limiting factors in the sur\ival of single cells, ^cn 
cells, sperm, or bactena, is the osmotic pressure of the medium ‘ 
long been known that this is remarkably constant in fluids such as 
and milk, and m recent years many studies of the osmotic pre ^ 
semen ha% c been made The most common method of doing 
measurement of the depression of the freezing point, the tempera 
■which semen freezes is compared to the freezing point of , 

a%crago depression of hull semen is 0 G09“C , ram semen, 
stallion semen, 0 SOS^C , boar semen, 0 GIG^C , and rabbit sem 
0 574*C (iVndcrson, 1945) By the use of such methods Sali-sbuo ^ _ 

(1918) ha\c shown that the osmotic pressure of fresh, normal bul sc 
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IS similar to that of cattle blood and that the formula of the sodium citrate 
hulter 11 Inch nould be isotonic ixith blood is different from that nhich 
has been indely used m the prepaiation of yolh-citrate ddutor for semen 
To be isotonic inth blood, boated sodium citrate solutions should contain 
2 9 g NaaCijHsOi 2 H 2 O per 100 mi of glass distilled water The actual 
preparation of this dilutor will be discussed in a subsequent chapter 
The determination of the pH and buffering capacity of semen has been 


Table 10 — Chemical Composition op Nohmal Human Semen, Prostatic Fluid, 
AND Seminaip Vesicle Secretion* 



Bemen 

Prostat c fluid 

Seminal vesicle fluid 

No 

II gh 

Lorr 

Av 

No 

High 

Lore 

Av 

No 

High 

Low 

Av 


Per liter of fluid 

pn 

0 

7 36 

6 9 

7 19 

3 

6 6 

6 33 

6 45 

2 

7 32 

7 26 

7 29 

■^atec E 

13 

944 

891 

918 

5 

930 

927 

932 

2 

OOC 

88( 

890 

Sodnito aM 

U 

133 

100 

117 

5 

159 

149 

153 

1 

10c 



Potassium mM 

12 

27 4 

17 

22 9 

6 

01 4 

28 7 

48 3 

2 

21 2 

14 1 

17 8 

Coloiuit mM 

3 

r 15 

5 3 

6 22 

S 

32 7 

28 7 

30 2 





Total COt mM 

7 

33 2 

19 2 

24 

3 

5 4 

3 1 

4 2 





Cl Ion le 

31 

57 3 

28 3 

42 8 

8 

46 1 

34 8 

38 1 





Acid aolul U phoap) oru«t 

6 

32 3 

17 2 

23 8 

16 

1 77 

0 65 

1 00 

7 

10 8 

9 65 

14 7 

Spec fie gravity 

0 

1039 

1031 

1035 

14 

1027 

1018 

1022 

2 

1038 

1036 

1037 


Per 100 ce of flu d 

Total nUroRen iriR 

3* 

1225 

SCO 

913 

14 

511 

295 

416 

3 

1343 

1233 

1281 

Nonprote n mtrogen ing 

I** 

130 

73 

9( 

6 

DC 

30 

53 6 

1 



99 

Total protCiD b> d ITerenre c 

12 

0 85 

3 29 

4 S( 

6 

2 93 

1 66 

•» 17 

1 



7 78 

Total protein graviraetT c g 

11 

7 7^ 

4 30 

S 80 

2 

2 61 

2 46 






Clob iliba g 

0 

2 43 

0 76 

1 20 









Glucose f iiiK 

0 

3C9 

203 

295 

12 

48 

Trace 

16 4 

5 

025 


300 

Ascorbic acid mg 

9 



12 8 

19 








Itiortcnn c phoapj onis | n « 




46 









Spermltte phosp) orua J i r 













Urea 1 mR 













Lactic an 1 {hr 













Cl olrolcrtl ( 1 R 






618 

861] 
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C Scott K « Iinaffpncfi J 11 lOP 
t Dhtiv ot I( iCRihs and Johnson (1033) 
t Daiii o( nertt UuetRtta an I Jol nson (tOll) 

I Data of Gol iUatt (1935) 

I Data of Moore Miller and MeLcUan (I9U) 

iivetl roulincli m semen in\ estigntions Tlio pH of semen is afTcctcd by a 
'\ido Mirietj of factors such as species, temperature, ago of semen, rela- 
te e amounts of fluid from tbc different accessory glands, frequency of 
s<rM(o, hcason of the jenr, and numerous otliers In farm animals llio 
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pH 15 EcUomkss than 0 or more “^Jj^^nd^nngaontendar 

narroM rango around 7 The aaenge pH "f (Ind, 

joar nas 0 87 and nas 7 04 for foal semen is "=« 

Ina Station) Smdh and “lately poorb 

buttered in the pll range 4 to 5 5 and a to lu, 

tiuHcrcd betacen pH 0 and 9 sodium, potas- 

Tho most common inorganic constituents o , , , Xhe actual 

Bilim, calcium, magnesium, phosphorous, “" J . ^^eretion from the 
amounts \ arj audeU aath species and the nmoun 
a arious accessorj glands Tor detailed anal j-ses in the boar 
IS referred to MeKeniae, Miller, and Baugi^ 

Because of the importance ot glucose and lactic ^^/\be most 

metabolism, these organic constituents of senien haie esU 

attention Tlie a ido rango in these compounds reported bj 

gators suggests that thej may be influenced f ot 
the most recent studios ot ram semen shoaed that th g „|,t,on 

’6 aamples from 7 rams aas 510 3 mg per cent at the tnn^' J jf, g 
ailh a standard donation ot 138 4 and a coefficient o fpnt 

per cent The lactic acid content ot fresh semen aas 14U mg l 
(Moore and Major, 1941) As summarised b> Anderson ( h 
semen has been reported to contain 100 to 495 mg per ce g 
to to 75 mg per cent lactic acid and stallion semen 0 to 1 lu mg i j 
glucose and 1 0 to 71 5 mg per cent lactic acid The cu- 

from rIuco^o or other Eul)5>trat<» occurs rapuUj m semen to 
Ifttion Tins process is called gljcoljsis and is apparent > 
actum of cell cnzvmes At 0‘’C gljcoljsis is practica i n r.rrcl\tion 
goes on mpidlj at hodj temperature Allhouph there « n c 
lxA\i con rite of pljcol>fits and sperm motility, this method o 
the actual ftrtihta of semen has not jet boon of practical impo 
^mcn has been reporUtl to contain from 1 2G to G 8 g of to a 
pt r 100 ml , depending on the species In the human the grea cr I 
the semmal protem-s are proteoM*s About GO per cent 
can Iks diaUzed through ccIIuIomj membranes impermeable ® 
wmm proteins Alioul *10 per cent of the total protem m human K 
IS globulin Huggins ct al (1912) reported that in the Iminan 
protem is decreased bj frequent ejaculation and subnonnal male no 
prtxUiclion i 

Anatomy of the Spermatozoa — Spermatozoa litre first ob«en 
Ham a student of lioeuiienhoek in 1C77, but their '*^*|**^},^ 

inheritance nus not rcalizcsl at that time \bout the middle o 
ciRliternlh eentun ‘'pdlanzani b\ filtenng semen, hhoiied 
pjiennatortia iirrv tin ct'enlul (actor m reproduction, for the ' 
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proved to be impotent. Shortly after Kolliker had shown that the 
spermatozoa arise from the testes, Barry, in 1843, observed the conjuga- 
tion of the sperm and egg in tire labbit. 

The size of spermatozoa varies considerably in various animals but in 


any case they are extremely minute, that of the 
human being in. in length. Savage and 
his coworkers state the head length of sperma- 
tozoa of the bull to be 9.7 and those of the 
stallion 6.16 \i. Phillips reports the head length 
of ram spermatozoa to be 8.15 After 
puberty, spermatozoa are being continually 
produced in the testicles of the higher mammals 
at varying rates, and those not ejaculated aie 
resorbed. 

There are many species differences in sperm 
morphology. The general pattern in man and 
the farm mammals is very similar. Normal 
sperm consist of a head, neck, body, and a tail 
portion. The head, in piofile, is flattened, but 
as ordinarily seen under the microscope is 
rounded or oval. It consists chiefly of nuclear 
material and is covered by a thin layer of 
cytoplasm. A caplike structure, the acrosome, 
is frequently obseiwed on the anterior surface 
of the head. The head is of great importance 
because it contains the chromosomes. 

The neck is very short and contains the ante- 



rior centrosomc. The body js about the same 
length as the head. It contains the posterior 


Fio. 37. — Generalised anat- 
omy of the Bpermatozoon. 


centrosomc at the neck end. A fibrillated filament o.xtends from the 


posterior centrosomc to the end of the tail. There are several shcatlis 
around this filament in the body of the sperni. The tail is made up of 
two regions. The thicker portion is called the chief piece and the remain- 
der, the end piece, is the bare continuation of the a\ial filament. The 
movement of the sperm is brought about by the lashing of the tail. 

Physiology of the Spermatozoa. — ^Although spermatozoa are relatively 
simple cells morphologically, much is yet to be learned about their 
physiology. 

ihe function of the spormatozoa is the fertiliz.ation of the ovmm. The 
process of fertilization onlinarily takes place in facvcral distinct steps: 

(1) insemination, the deposition of the sj>erm in tlio female genitalia, 

(2) l\\e movement or transport of the spemmtozo.'i. to the Fnlloj)ian tubes, 
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( 3 ) the penetration of the cell wall of the ovum „f fte 

the lose of the body and tail pKce of the j ,3 complete 

male and female pronuclei The proeces of 33 „„mber of 

until the pronuclei of each gamete have united and the species 




chromosomes has been restored It is generally said that a sperm 
two functions, vtz , to contribute the paternal set of chromosomes a 
inilnte coll di\Tsion on the part of the ovum It has long been Kn 
that m some of the lower organisms, cell dnision can be mechanic^ 
induced In this case the egg develops parlhcnogencticallj and ex i’ 
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only the maternal characteristics. Pincus and coworkers have been able 
to induce cell division and cmbryological development in the rabbit by 
altering the environment of the rabbit ovum. 

Sperm Motility. — ^The most outstanding characteristic of spermatozoa 
is their ability to move. It is generally accepted that sperm which have 
lost their motility are incapable of fertilizing an ovum. The presence of 
motility, however, docs not guarantee that the fertilizing capacity still 
exists. It is likewise well knomi tliat the more rapidly sperm move the 
shorter their length of life. One of the basic problems in the preservation 
of semen for use in artificial insemination is the reduction of motility 
during storage, but the maintenance of the capacity for motility and the 
reestablishment of vigorous activity after the sperm have been introduced 
into the female genitalia. It is not unusual for the motility of bull 
spermatozoa to persist for 3 weclcs under laboratory conditions, but it is 
verj' unusual for conception to occur in cattle with semen which has been 
stored for 10 days. Sliaffncr (1912) was able to restore motility in fowl 
sperm which had been held at — 79®C. for 14 months. Although motility 
was excellent, fertility was not induced. 

Sperm Survival in the Female Genital Tract. — ^Tho fact that there are 
vrrj' great species differences in sperm survival in the female genitalia has 
resulted in many unsubstantiated Iwlicfs concerning man and the farm 
animals. In most mammals it W very unlikely if sperm have a useful 
life of more than 3G to 48 hours. In fact, most animal-breeding spocini- 
Jsta recommend that natural senneo or artificial insemination should 
prccedo the time of o\'Ulation by only a few hours. In cattle, a species in 
nhich omlation occurs about 14 hours after the end of cstrus, the best 
results aro obtained \\ lien 6cr\dcc Is given about 20 hours before ovulation 
occurs. In tho chicken fertile eggs are commonly produced for 3 woek.s 
following a single insemination and have been knorni to occur for as long 
as 32 days. Of the mammals, the hat seems to bo in a special cliuss. In 
ftome species of bats highly motile sperm have l>ecn found as long n.s 159 
days following isolation from the male. Although, under natural con- 
ditioas, hats may copulate during tho winter and spring, it 1ms been 
shown that sj>erm deposite<l in the fall arc capable of fcrtiliring ova 
prtKluusl in the spring (Winisatl, 1911). Among in«oct.s, tho qtUH'n 
Ins? hiw iKx-n reported to lay fertile egga for 7 years following the last 
insemination. 

In spite of tho above fiirts, wo must re.vliro that tho store of onergj* in a 
tiny six'tin U not fjvrrlarge and lhal, when the seminal fiuid U df'iM»->ite<l 
in the ft .male genital tract of tho higher rvnimalH, the sjx'rmatozoa aro 
inunt'trntrly phingrsl intr> violent activity. U would seern ma.Hon.ahle 
to i then fore, that thrir tcntiro of life woult! U- hrief. 'Htis 
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undoubtedly IS generally the ease -““I 

can reckon their functional activity ^ble of fertilization 

it has been shown also that the egg is ge y becomes obvious 

or a perrod of but a feu hours folloumg »™'^‘“^‘,‘,,"rpos.ted.nthe 

thatthcbreeder’stask.,toseeto,ttha tvml^ej^are 

female genital tract at about the same time that the egg 

‘”f Travel of Spermatozoa -The older Xt‘thaU‘ 

rate at ivliich spermatozoa travel m the fema e g ^1,^ 

lias a matter of several hours before they rea.ched j„,s,„n 

ovarian tubes These ideas have had to undergo niammalian 

m the light of later findings ” 4 „ ”^nim P« 

spermatozoa have been clocked at speeds of fro Many workers 

minute ivith the average at about 3 mm per minu 

liavo found that the sperm reach the junction of the ,[933), 

periods as short as 10 minutes Aa ®f”„utes after 

■Whitney (1927) rceoiered sperm m the ovarian bursa the 

coitus in the hitch, Lems and Wnght (1935) within 15 

mare, and Phillips and Andrews (1937) within 30 “ ut for 

More recent iiork in the ewe indicates that 20 minutes is 

sperm to reach the upper portion of the ^'‘'’°P'“ ‘“'’'l? knner part 

Phillips, 1941) Chicken sperm have been recoirered m the PP ^ 

of tho oviduct in 20 minutes (Mimura, 1939) Cattle sperm 9 

little as 2H to 4 minutes to reach the oviduct (Van Demark ana 

lOsjOj X 1 1 wapil\ inl® 

In some species it is possible for semen to be deposited di J bor^ 
through the cer\i\ at the time of copulation This is true o 
and sw me How ever, c\ en in the marc and sow , at least a por lo 
semen is deposited in the vagina The anatomy of the cow, 
human la such that semen must be deposited m tho vagina at cop 
Transport of Spermatozoa in the Female Gemtalia Many 
caos ha\ c been proposed to account for the movement of sperm ro . 
^ ngina to the distal ends of the Fallopian tubes Since sperm ure 
motile, Ihej could mo\c through the tract unaided This is 
unhkclj As prcMously discussed, in species m which the 
deposited through the cci^ ix, sperm should require less time to rose 
Fallopian tubes It has been su®^stcd that muscular acti\it> o ^ 

^ apna and ceiv ix at the time of copulation may be a factor and » 
the time of the female oi^wism the ccr\ix maj dilate and/or asp 
H'lnen into the uterus In some species copulation is followed > 
dcNilopment of a M?mcn plug Flic semen of the boar contains 
coagulated material w Inch could possiblj act as a mechanical barrier p 
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venting the loss of sperm from the vagina. It is veil known that the uterus 
undergoes rhythmic contractions and that the activity is usually greatest 
during estrus. It seems probable that uterine contractions are largely 
responsible for transporting sperm through the utoi*us and Fallopian 
tubes. Inert carbon particles, when mixed with semen, travel at approxi- 
mately the same rate as sperm. 

As previously mentioned, it is essential that sperm maintain the power 
of motility if fertility is to be preserved. It would appear logical to 
theorize that once sperm have been transported through the uterine horns 
and Fallopian tubes that they contact the ovum as the result of their 
swimming action and that contact with the ovum is maintained by the 
motile sperm. 

The various means of evaluating semen quality, the dilution, preserva- 
tion, and use of semen for artificial insemination will bo discussed in 
another chapter. 

Summary. — ^The male’s part in reproduction consists of the production 
of spermatozoa and their deposition in the female genital tract at the 
proper time in relation to ovulation. The sperm are formed in the testis 
in the seminiferous tubules. They then pass through a series of small 
tubules into the epididymis where they undergo final maturation, and 
thcncc into the vos deferens where they arc stored prior to ejaculation. 
The testis, in mammals, is ordinarily maintained in a rather vulnerable 
organ, the scrotum. Tills is essential if sperm are to be formed normally, 
since bpcrmatogcncsis cannot be completed in most mammals unless the 
Icstcs arc maintained at temperatures lower than those of the body 
cavity. In addition to the production of sperm the testis secretes the 

male .sccondarj' sexual characters. Male hormone and sperm production 
are usually bynchronized, but may be independent under certain condi- 
tions. Testicular function depends primarily upon the gonadotropic 
hormone.s of the anterior pituitarj' gland. However, the maintenance of 
the male in a btatc of maximum reproductive efficiency requires u favor- 
able environment, adequate luitrition, freedom from disciLso or phybio- 
logical imbalance, and wise brce<Vmg management. 
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CHAPTER V 


THE EEMALE’S PART IN REPRODUCTION 
In all the higher apcc.es of animals, 

opment take place m ithm the female genital tract requisite 

structure and physiological functions of the^ organs ^ , Enor- 

for anyone nho Mould succeed m the art of livestock ti,e 

mous financial losses are incurreil annually by breeders -ithough 

difficulty so often experienced of getting females to conceive , 

It « unjust to lay all the blame at the door of r " and 


of the total fault is no doubt considerable “ ''’"f 5° eSation. 

understanding of the processes involved m fertilization, g ^ 


an understanding of the processes invoivea m 

parturition, and lactation -Rould often enijlo a gjter birth 


fatalities that so often threaten individuals before as veil as a 
Ovanes —Mammalian females possess two ovaries, homolog 


testicles of the male, and, like the latter, the ovaries arise from 
mediate portion of the mesodermal somites and have a double 
(1) the production of ova or eggs and (2) the secretion of honno 
other words, the ovary performs an ovogenetic as well as an cn 
function The ovaries are generally spoken of as the pnmary org 
reproduction m the female because of their ovogenetic func 
because they are the source of the female sex hormones The 
ment and functional activity of the remaining portions of the 
genitalia arc dependent upon the second function of the ovary, i 
endoenne function An internal secretion of the ovary stimu a e 
groA\ th of_the utervw and vagina and <^er hormonal secretions 
the corpus luteum ^>hi ch appeare cycli^lly m the ovary, sensitize 
utenne wall for ^ejeception of the fertilized egg, maintains the 


nancy, and assists at parturition These secretions together ° . 
from the placenta and anterior pituitary stimulate mammary dev ^ 
ment and lactation following partuntion In some species 
practically continuous after puberty In others it occurs once, 


or a few times a year . 

In the higher animals thc&e,jglands^re situated m the dbdonuna^^ 
t he pclv 1 C cav ity susp ende d in the broa d ligam ent Their position 


somewhat m different species and in different individuals 
attached to the broad ligament on one side at the so-called hi u 
134 
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From this point the tissues of the broad ligament spread out and pass 
through the ovary, forming the ovarian stroma , made up of fibrous 
connective tissue. Toward the surface, the stroma becomes interspersed 
with glandular tissue that forms the ovarian cort ex. Surrounding the 
ovary is a rather dense layer of fibrous tissue called the Itmica albtmnea 
and outside this is found a modified peritoneum, the inner portion of 
which consists of a single layer of cuboidal cells and which is known as 
the germi nal e yit helium. It is from the latter that the ova arise. 

In the mare, the ovaries are somewhat bean-shaped and 2 to 4 in. in 
the longest diameter; in the cow, 1 to IJ^ in.; in the ewe, K to 1 in.; and 
in the sow, somewhat larger than in the ewe and more irregular, owing 



Tia. 40 — Dmgrnm of tlio ecnital orcans of tho cott. 

to tho many protuberances of the follicles and corpora lutea \\hich give 
them a shape 8omc^^hat like n bunch of grapes. 

In tho domestic fo\\l, and other avian species, only the left ovary is 
functional. Duringcarlycmbrj’onic life there are two female gonads, but 
tbo right remains as a functionloss rudiment. During the cgg-produc- 
ing period tbo right o^'a^J' contains clusters of yellow or reddish-yellow 
Hidwres. Theso var>’ in size from the fully developed yolk to microscopic 
ova. Although they differ from mammalian ova in that they contain a 
large amount of yolk, they servo the s.amo goncnil function. It is 
inlcri*sting to oIjktx'o that the chic ken, the mast highly devcloiKsl of the 
farm nnimala from the reproductive standpoint, has only one functioruil 
ovnn,'. 

'Use o\arj’ con*iist.s of glandiilar, connective, and nersc tjs.surs. 1)1 o(kI 
and Ijnuph vcsm*U, and many fhouKands of follirles in various stages of 
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before reaching maturity. This continuous process of ovogenesis from 
the layer of germinal epithelium is comparable to the continuous process 
of spermatogenesis in the male It is now claimed to exist in the mouse, 
rat, guinea pig, dog, cat, monlcey, and mare, and is probably the general 
method of egg production of all the mammals. In either case, nature 
has attempted to ensure the perpetuation of the race by providing a 
superabundance of both spermatozoa and ova. 

The ovarian follicle at the beginning consists of the egg cell sur- 
rounded by a single layer of epithelial cells Surrounding this is a 
specialized layer of ovarian connective-tissue stroma known as the theca. 



Tin 42 — Tlie generative organa of the mare 1, left ovary, 2, Fallopian tube, 3, left horn 
of uterus, 4, right horn of uterus, 5, body of uterus, 6, broad ligament, 7, vagina, 8, abdomi- 
nal -wall, 0, left kidney, 10, left ureter, 11, urinary bladder (From Leiaertnff, Atlas of the 
Amitomy of l^omestxeated ./Immola ) 

-Vs g^o^\ i\\ proceeds, the epithelial cells multiply and push out a’lv ay from 
tlie ovum forming an antrum, which becomes filled ^ith a yellowish, 
alkaline, albuminous fluid, the liquor foUiculi The ovum itself remains 
on a small hillock of epithelial colls, the cumulus oophorus. There is 
.some variation in the size of tho ova of different mammalian species, but 
they measure on tho average about 0 13 mm. This is greatly in excess 
of the size of the sperm, ^^hich has little or no cytoplasm. The egg, on 
the other hand, has a nucleus with its contained chromosomes of about the 
same size as the head of the sperm, and in addition it has a considerable 
amount of stmed cytoplasm, or yolk, in which the nucleus is suspended. 
This makes the egg several thous-uul times the size of the sperm, but 
the dam is nclually no more important than the sire from a hprcdilar>' 
‘.tandpoint, for both egg and sperm ha\c u nucleus of equal size in which 
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are found an identical nuinl)er of l''j?oK 'B6 “ 

tion of bex chromosomes m some spec.es). The store J 
presumably dcsiBuod to provide ene.;gy ‘ltd u TRote can pass 
the r.ret few days follotving fertilization and ^„e of encr0 

down the ovarian tubes into the uterus and find .„a the 

and materials for growlli. The developing f”' extent 

periphery of the ovary, finally Protruding from the ovary t 

of haU its size or more preparatory to being >''><";“* ■ jurs at 

of the ovum m the otarj o<-c 





2 ov'um m vnu - 

more orlessrcgvilarinten'a 

animals and is usually accomp 
or preceded by cstrus, or heat. 

This cyclic development 
mature ovum begins at pn » 
under the stimulation of the ant ^ 
pituitary hormones. ^ 

the previous chapter, the tleictor 

ment of ova from .^rig « ^ 
cords begins early in cm r> 
life. These cmbr>'onic folhc , 
however, and those from 
puberty usually become ^ 

Puberty marks the ^ r„U 
follicle succeeds in reaching 
maturity wth the attendantmat 
ing of the egg and reduction ° ^ 

numberofehromosomestoone 

. .. » a w.'vves 01 


It is now thought that yy- 

■ ■ follicles start developing eye 

throughout the reproductive life of the female, one or a few o 
reaching full maturity, the others being resorbed preceding the ne 
In the production of a functional ovum, or egg, the primordia 
in the follicle goes through two rapid cell divisions. Previous to 
division, synapsis occurs; and the net result of the first division, . 
takes place in the ovary in mammals, except perhaps in the bi c , ^ 

reduction in the number of chromosomes to one-half the number c 
teristic of the species and the very unequal division of the cytop 
This is known as the heterotiivic division and is followed by a . j. 
homotypic cell division in which the chromosome number is not u 


the chromosome number is 

reduced. The one mature ovum now passes into the peritoneal ca^ 
the broad ligament and then into the uterine tube. ,. jj 

Starting with a primary germ cell, or oocyte, in the ovary, the reau 
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division, including synapsis, and the formation of tetrads is the same as 
found in the male, c\ccpt that in the female, instead of two secondary 
spermatocytes, there arc formed one secondary oocyte and one non- 
functional polar body, each of which, however, has leceived one-half the 



1 lo 4 1 •— ^fat^lr•^^lon in ova of {:onsrlotropln-«(imulitcd mouse ovartM. Olwor^c llif* 
fhrotnuKimM niid tJto maturation apimJIea in tho roetapItRM sta^o. MngnlOcatlun niiproxi- 


chnimnlUi inatorial and contains onc-Ualf tUo normal mtmlMir of cltromo- 
^OIncs. In effect, the rujcleus nitber than the nljole cell, divides. Tlio 
\MjKr Inyly differs from the frocondsry ooejtc in having received none 
«»f the yolk or rjtopkwm. 'ilieM* tno, the W'comlnrj' oocyte and the 
pftHr iwxly, then tllvkle, the ooejte RixinR rise to one o\tim or epK and 
on«* niore p*>l ir body. The firsl pol ir body may F;i\e rw* to tuo pol ir 
tn«h'*’r Tin- o\nm is the ft male j»sniete that is eapahle of Ik inK fertdir* d 
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by . spermatozoon Ih" ‘’'-o R”’” “lu. 

later absorbed So, rrhercas m tho mate ^ t,,o pnmao 

tional sperm rtozoa from c rch primarj a|K rm j t , f„„et.onal 

oocyte of tho female m tho lusher fonns there anses 
ovum and tao or three nonfunrtional polar bodies 

The purpose of the reduel.on d.a.s.on m he j, fomoson.es 

n both the mate and the female. to keep « m mber of cte 


m both the mate and the female, is to keep l ie ..... , 

for the spee.es constant W.on an ovum „ne hal 


for the species const'int \N Hcn m o\ um « j 
her of chromosomes is fcrtilize<l hy a sperm itozoon, a 
tho normal number of chromosomes the summation 
restores the normal numter of chromosomes ... ^ i,, l.nds 

produce the new mdii .dual Tso doubt, aomo c iscs o y didcrcnt 

are due to the fact that the too spec.es that f ,,„t,on and 

charactenslic numbers of ehromosomes, and, allhoiKth [or 

subsequent development are possible, it is nei ert ic ‘’“j ,l,o por 


subsequent development are possible, ii is ne.ei.. e „or 

the hybrids to produce functional spermatozoa or o% a interfered 

mal pairing of chromosomes and subsequent cell mcchnnis 


Mith 


So far as known the distribution of cliromosomcs m 
18 at random The solid chromosomes m Tig 45 represen 
tributed by the male, those m outline by the female rollou »»B 
and disjunction one member of each pair will proceed to o 
be found m one cell, the other member of each pair ^^lU go i 
pole and be found in^hc other cell The fact of ooJ 

certain pair goes to one cell has no influence on the distribu 

of the other chromosome pairs, m other w ords tho distribu lo 
pendent or random it being understood that one or the ot icr 
of each pair must normally go to each daughter cell Tiguro 
sents all the possible combinations of the eight chromosomes o 
ila As will be pointed out later, random distribution is one o 
potent causes of variation , higb^^ 

We meet here again the all important fact that any of ^ptire 
organisms passes on to each of its offspnng a sample half of i s 
inheritance one member of each pair of its chromosomes 
purpose in making a study of br^mg principles will be to 
our animals may be made more pure in. their genetic content ol 
genes so that it will make no particular difference which member o 


genes so tnat ix. wiu maKB uw parbicuiar uiiiuiuucu 
pair of chromosomes any offspring may chance to get 

Hormonal Regulation of the Ovary — The normal developmen 

k , , +i,A (rona^^^ 


function of the ovanes and the testes are dependent upon the go 
tropic hormones of the anterior pituitary gland If these hormo 
not secreted m proper balance m the mature female the heat p® 
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may bo irregular and normal follicular development and ovulation may 
not occur. As previously explained, there are two anterior pituitary 
gonadotropins. Th e . fnllicle-st.imulatiog J umnonB-tESHl is concerned 
primarily with the growth of the follicle. The_liit einizing hormone (LH ) 


Secondanj 

SpenKrtocijtes' 


Spermallds 

Spenra'oioa' 


Polar Body 



l-Secondary 

Ooc^t 


■pui Polar 
Body 


Firs! Cleavayei 


1 in 4’i — •DiRCTfcin nt w nu*wt^ Ri'nn ccUn in nnimRl'. Thi* iirKin* 

iVip Uunl row ot c»'U<. MBtf‘riin1 «’l*ruiiio««enM pnlpriinl lilnrk. All rliromo- 

In liir« (rrtiUir<i rtfS re»'<'i>r»l from tbr inutiiro p|:c nn* lln*rraftrr nintprunU and thov^ 
r*«(vhr«l from Hip rj*prrn»t<iiooii art* thcfMftcr j»atprnal, rrtfariMw of wiint tlipy were in 
H<? riaturn rofin rril*. {Aftrr .SAnW.) 


i*4 r^iinfly for oviihilion or mptiirp of iho muturf‘ follicle nn<l 

the ilcvclojitncnl of tijc corimH lutruin. 'rijcn* ii ^olIU* ilivi^rei’inciit in 
lUSfcrrnl Tr'i’.inh lnlK»r:ilorj«*< ns lo Ihe esnet firm* rcl.’itioiL'lnjis wlilcli 
ttn* in\oUr«!, Init then' *!.•■ rrnMmnlite «Kn*<'incnt in n’^anl to the lirinjc 
prinpiiili'*!: nf till' rTJo*lo of nrtton of tiu* Rtinudtropiits Iti ihr 



U2 mlEE,>,^a^M>nwno^^^lF^TOFFMnl^'’n,^r^ ^ 

u the o^eo of the soMnh, — 

Bmall tolhete These ere formrf both pnor 

eontmue to be produced cron after the ,tert>, FSH .3 

pdrutary gland Acoompanjmg or Under the 

Icreted bj the antonor p.turlao m " oTs rap.dlj A-S the 

mnuenco of tins honnone a ^ p.tu.tarj eccrelos 

tolhcle grorvs under the mnuenco of rS»! lutcinirms hormone 

minute but graduallj increoainB nmounts kT,: hormone 

rhe in causes the follicle to produce estrogc, secretion of 

and the female comes in heat (cstnis) Th“ ,t,e 

estrogen by the follicle results in <>“ p^^nt m the 
pituitarj and increased secretion of Lll mien follicle 

blood in sufficient amounts, it bnngs about niptiirc 

and the dcrelopment of the lutein cells uhich 'o™ ™ ^„e, lohich 
As the corpus lutcum forms, it secretes theJi!OTl!iraUt-i._^PP 5 („r 
B concerned rnth.the final preparation of the '"'"S o padotrop'e 
pregnancj Progesterone also inhibits the ^ ® „„t cstab- 

hormones by the antonor pituitary gland It to secrete 

lished the corpus luteum orentuatly loses its function ' ^ pnd a 

progesterone and FSH is again produce.! m meres-sed am 
nea osanau cycle is begun If pregnancy is establisl cd, 
usuallj cease to produce ncv. follicles and o\a until ^ jear 
In many seasonal breeders there h only one o%arian c> t r jgtoSl 

In cattle on the other hand the cycle is repeated at intcrv ai ^ 

days throughout reproductive life, unless pregnancj. m ^ 
summary follicular dev elopment cstnis and j the two 

interaction of the gonadatropic hormones FSH and LH a 


ov anan hormones estrogen and progesterone reproduc- 

The Sexual Cycle— The outstanding characteristic of tne 
tive process in the female is its rhjthmicity All of the are 

■nhich have been studied have definite reproductive cycles 
TVide species differences in the cycles, but each species has so 
pattern j cjcl® 

In most mammals the cycle is called the estrous or es 
Some ammals such as the fox have only^ne heat peno d^ebj^^^^^^g 

are called raonestrous The farm ammals all have more than o 

per year and^re called polyestrous Females such as the 

have a limited reproductive penod are called seasgn aU^^'*^^^ cao 

trast to the cow vhich is a continuous breeder The estrous cj 

be dmded into several distinct phases The most easily 

phase IS the penod of sexual receptivity or heat and is technica y 

as estrus The stage followup estnis is called metestrus It is 
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this period that the corpus luteum forms and secretes progesterone 
which brings about the final development of the uterus for pregnancy. 
If pregnancy does not occur, the corpus luteum regresses and there is a 
short period of genital rest called diestrus . Diestnis is followed by 
procstrus, which is characterized by follicular growth and generally 
heightened reproductive activity. Follicular growth is accompanied 
by the, secretion of estrogen which gradually induces estrus. During 
heat the follicle usually reaches its maximum size, and ovulation occurs 
shortly before or just following the end of estrus. In seasonal breeders 
the genitalia have n long period of quiescence which is called anestrus . 
In cattle and swine the first part of lactation is usually accompanied by 
a period of sexual inactivity called l actational diestrus . 


Tabi^e 1 1. — The KEPROPOCTn'E CrcLS in Farm Animals 


; 

Species 

of estrua! 
cycle, (la>s 1 

Lcngtli of estrus 

Usual time of 

Lcnjjth of KPs- 
tation, da>s 

Afte at 

Av, 

Hixncc 

Av. 

itance 


Av. 

Han gee 

mouths 

Maro.,...,. 

21 

1 

10-37 

5-0 dajs 

1-37 days 

21^8 hours 
before end of 
cstnis 1 

330 

310-350 

10-12 

Sow ^ 


18-2-1 

2-3 <la>*H 

1-5 days 

Usually second 
day of estrus 

112 

111-11.5 

3-7 

Ewe 

10 

14-20 

30 lioure 

20-42 hours 

1 hour before 
end cf estrus 

ISO 

14O-1C0 

4-8 

Goat 

20 

12-25 

3fV— IS hours 

20-80 hours 

Keor end of 
estrus 

151 

140-100 ' 

4-8 

Cow 

10-20 

10-21 

10-20 hours 

8-30 hours 

14 hours after 
end of estrus 

281 

274-291 

4-8 


lU'CAMso small quantities of blood sometimes appear in the genital 
secretions of the cow and bitch, it is frequently said that menstruation 
occurs. This is not the case, and the terms mon.stniation and mcnstnial 
cycle should 1x5 rc.scrvcd for the Primate. ^Icnatruation is the shedding 
or elimination of n largo portion of the uterine lining (endometrium) at 
regular mter\’als — usually each 20 to 30 daj's. In the Primate ovulation 
occurs at approximately the midpoint of tho mcnstnial cycle. Tims 
o\'ulation would Iki most apt to occur 14 days after the beginning of 
menstruation in a female with a 28-<lay meiLstnial cycle. Primates, 
unlike other mammals, do not luivo a limitoil period of fccxual receptivity 
imt\ tlm*i no oulwunl manifestatioiiH which can be cyisily correlnte<l with 
ovulatum. The farm nninmls are characterir^fl hy the presence of a 
ver>‘ \imit«Ml jx'riofl of e.slnis which is cloM'ly eorrelated with ovulatifuj. 









5 — Schomatic diaictam of mammalian o^a^y aliowinn IHb aociuenov of eventa in Iho onctn, and mptiiro of tin 

Ian) follicle, and tho formation and rctragrcainon of the i oriius lutenm 1 ollow ilocVwi»o uroiiml tlio «% arj alnrtii 
(.From Pollen, Embryolooi; of lb« I*io, 2J ed , TN« Plafetaloa Company > 
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_ FACTORS INFLTJENCING THE SEXUAL CYCLE 

^ge.- — Sexual maturity is a gradual process. The appearance of heat 
docs not necessarily mean thaf^ormal fertility has been attained. Dur- 
ing the transitional period oJ puberty the sexual cycles may at first be 
irregular. Ovulation may occur in the absence of cstnis, and estnis -with- 
out ovulation is not uncommon. After full sexual maturity has been 
attained, the sexual cycles are usually regular throughout life. In the 
human, the reproductive processes usually cease in later life; this is called 
the menopause. In the farm animals old age itself is rarely the cause of 
reproductive failure. The age at puberty is approximately the same as 
previously given for the male. In sheep, however, the seasonal factor is 
important. Whereas sperm first appear in the ram at five or six months 
of age, sexual cycles arc not initiated in the ewe until fall. Thus a lamb 
born in January would probably not exhibit sexual activity until Sep- 
tember. There arc, of course, wide species and individual variations in 
the time of puberty. Some of these will be discussed in the chapter on 
Reproductive Efficiency. 

Seasonal Periodicity, the Breeding Season. — Tlic effects of season on 
reproductive activity are more easily recognized in the female than in 
the male. As previously c.xplaincd, this is somctinies due to the fact that 
some males may exhibit marked sex drive in the absence of spermato- 
genesis, c.g., the ram. In seasonal-breeding females cstius is not manifest 
except during the breeding season. 

^lost of the wild mammals arc moncslrous. The dog and the cat 
usually have two cstrual cycles annually. Sheep are polyestrous, but in 
the Xorthern Hemisphere the cycles arc ^usually limited to the period 
between August 15 and January 30. Goats nro very similar to sheep, 
the breeding season usually extending from September through Decem- 
ber. Kstrus occasionally occurs in sheep and goats in the spring and 
summer months, but planned brectling can rarely be expected during 
this period. Cattle, swiac, and horses exhibit reproductive activity 
throughout the year but, as explained in the previous chapter, seasonal 
tendencies still pcrsi.st. In the Western range shitos cattle breeding is 
largely a seasonal operation. Environmental and nutrition.al conditions 
are such that it is mo'>t sjitisfactorj' to have the calves born in the spring. 
I or obvious reasons, the calving period is somewhat later in the Xortlicm 
areas than in the South and Southwest. Por verj’ practical rca.son.s 
swine buKsUng in the com licit is Muisoiml in nature. Wien the two- 
litter HVrtlcm is UM'd, the sows arc bre<l to farrow in the spring and fall. 
I he majority of swine men using the rinRle-litter system farrow their 
sows in the spring. Tlui**, although both rattle and hwine cun repro*lin*e 
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ing season. The ovary produces at least two distinctly different hor- 
mones These are produced only at definite times during the sexual 
cycle, and the levels of secretion of each hormone vary during the 
cycle. 

Estrogen , — It has been known since the 1890’s that atrophy of the 
uterus following castration could be prevented by an ovarian graft. 
Long and Evans (1922) and Allen (1922) suggested that the substance 
responsible for the maintenance of the uterus was produced by the 
Graafian follicle, and this "was proved by Allen and Doisy in 1923. Many 
workers regard these studies as the beginning of modern endocrinology. 
The hormone produced by the Graafian follicle is commonly referred to 
as the female sev hormone and is one of a large number of the estrogenic 
hormones. During the early 1920’s it was thought that this was the only 
ovarian hormone. 

It is now known that at least 10 different estrogens appear in animal 
tissues, secretions, blood, or urine, and that many others with estrogenic 
activity can bo prepared synthetically. Estrogens have been isolated 
from the ovary, placenta, testis, and adrenal corte.x and from various 
plants. They are found in largo amounts in the urine of both males and 
females and such unlikely sources as petroleum and the slime from the 
bottom of the Dead Sea. 

The first estrogen to be crystallized and chemically identified was 
estrone. This hormone was isolated from the urine of pregnant w’omen 
by Doisy cl al. in 1929. The most active natural estrogen, and the one 
which is probably sccrctod by the Graafian follicle, is estradiol. It is 
verj' similar to estrone in structure but has considerably more physiologic 
activity. 

Tlie natural o.strogcns have lilUc effect unless they are administered by 
injcction.s, c.g., subcutaneously or intramuscularly. During the 1930’s 
many compounds which do not appear in nature but which have great 
estrogenic activity wore synthcsizc<l. Many of these compounds are 
diSvsimilar clicrnieally from the natural estrogens, and some arc very 
effective ^\hcn administered orally. One of the best knorni is diethyl- 
btillwstrol. It can be synthesized at low' cost, is more active physiologi- 
cally th.an most of the natund estrogens, is orally active, and lias few 
nndesinihle ride effects. DiothylHtiUicstrol is widely used in human and 
animal medirine for Iho corn'etion of reproductive disorders. In addition 
to ith effeet on the genital sy.stem it has been shown to 1 m* cap.nlilo of 
inducing fattening in chickens (Amlrewa and Hohren, 1917, and otherH) 
and of increa-sing grow th in cattle and sheep (DinnU'^son cl al., 19 19, and 
Andrt'ws tt al , 1919). 

The phy»iologic importance of the connis Inteum has 
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tivo of an estrogenic effect. This method is very accurate for the detec- 
tion of minute quantities of estrogen and is widely used in biology and 
medicine. Likewise, the condition of the vaginal epithelium in normal 
animals is indicative of the stage of the cstrual or menstrual cycle and 
has wide application in clinical studies. 

The development of the uterus is dependent upon both estrogen and 
progesterone. Development is initiated by estrogen and completed by 
progesterone. Estrogen injection of the castrate is followed by increased 
proliferation and activity of the epithelial cells lining the uterus and of 
the smooth muscle cells of the myometrium. The activity of the uterine 
glands is ordinarily stimulated first by estrogen and is then continued by 
progesterone during the luteal phase of the cycle. Uterine activity, as 
measured by the rhythmic contractions of the uterus, is maximum during 
estnis, and the uterus is relatively quiescent when progesterone is being 
secreted by the corpus luteum. 

As previously discussed, the corpus luteum is present and functional 
only at certain stages of the estrous cycle and during pregnancy. The 
primary function of its hormone, progesterone, is the final development 
of the uterine epithelium in preparation for implantation of the blastocyst. 
Progesterone is concerned with the maintenance of pregnancy following 
implantation. In the cow, removal of the corpus luteum from the ovary 
during pregnancy, especially during the first half of pregnancy, wll 
nearly always result in abortion. In the mare, the ovaries may be 
lomoved during early pregnancy without causing abortion. This is 
assumed to indicate that the presence of a functional corpus luteum in 
the ovaries of pregnant animals is essential in some species and not in 
others. It is known that the placenta can produce progesterone^ estro- 
gen, and even gonadotropins, and this may explain some of the species 
differences in dependency on the ovaries during pregnancy. 

The Ovarian Hormones and Secondary Sexu^ Characteristics. — Like 
the male, the female also exhibits characteristics peculiarly associated 
with her sex and referable, as arc the development and functional a6tivi- 
ties of the accessories, to hormones secreted by the ovaries. This is one 
of the main functions of the ovaries. 

These characteristics arc to be found largely in the general body form 
and are generally not so striking as those found in the male. The typical 
male form is heavy or well developed anteriorly, less well developed 
posteriorly. In the female, the exact opposite prevails. The mamma- 
lian female develops a wider pelvis and a general feminine tiq^e c.xprcsscd 
in finer bone and more refined features than the male. The deposition 
of fat differs from that in the male, the voice is higher pitched, and slio 
difTcrs also in psychological traits. 
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the development of the mammary sjstem Ni.mcro 
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mum estrogen secretion The injection of Pfoscftcronc, quies- 

durmg the luteal phase of the cstrual cycle, is followed > 

cence The reason for this sequence of c\ ents appears -jbe 

with tbe transport of sperm m the female genitalia during 
less motile stage iiould seem to be conducive to the abortion, 

developing blastocyst In humans with histones of habitu 
progesterone is frequently administered because of its growth 

on uterine motility and its stimulatory action on gterooc 

There are obviously many different causes of abortion, ana pr g 
could not be expected to have beneficial effects where some speci 
such as brucellosis in cattle and swine, is present Like estrogen, i 
terone is concerned with development of the mammary glands ^ 
Estrous Behavior — It is frequently assumed that estrus, 
only phase of the estrous cycle which is easily recognizable, 
further discussion Since the widespread adoption of artificai i 
tion, it has become increasingly apparent that many livestoc 
cannot recognize estrus and do not appreciate its full significance 
farm ammals there is a definite relationship betw een estrus and 
If service or artificial msemmation is carried out in relation to 
stage of estrus, breeding efficiency can usually be increased 
natural conditions females probably mated several times duni^ ^terU® 
thus mcreasmg the likelihood of fresh sperm being present m t e 



THE FEMALWS PART IN REPRODUCTION 


151 


at the time of ovulation. If mating occurs only once during heat, the 
time relationships arc of vital importance. 

In all the farm animals cstrus or heat is recognized by the willingness 
of the female to accept the male. In the cwc and mare the usual outward 
signs are the fact that the female stands and will allow the male to mount. 
Mares react very vigorously when not in cstrus and may severely injure 
the stallion. For this reason, it is recommended that marcs be tried to 
a stallion in some sort of a teasing stall or chute. Sows may occasionally 
exhibit both male and female mating behavior, but the estrous animal is 
usually recognized by her willingness to accept the male. Of the farm 
animals, cows are most likely to exhibit both male and female mating 
behavior. This has led to numerous errors in artificial insemination 
associations, and the “wrohg^* cow has often been kept in the barn for 
the insemination. Ordinarily, the truly estrous cow is the one which is 
mounted by other cows. "When one female is approached by several 
cows, there should be little doubt that she is in heat. Fortunately, there 
are some physiologic as well as behavioral signs of estrus. Estrus is 
usually characterized by increased genital secretion and discharge duo to 
stimulation by the estrogenic hormone. In cattle and swine there is 
frequently some swelling of the vulva and urination may be frequent. 

Following tiio discovery of estrogen, it was concluded that this hor- 
mone was solely responsible for estrous behavior. The experimental 
study of cstrus indicated that androgens and progesterone, as well as 
estrogen, may be involved. In the spayed guinea pig sexual receptivity 
depends upon the secretion of estrogen followed by the secretion of small 
amounts of progesterone. In this species it has been sho^vn that proges- 
Van CjiaaTmn io\hc\c prior *lo ovuiation fliempsey 
ct al., 193G). This has recently been shown to bo true in the rat, mouse, 
and hamster (cited by Cole, 1948). Cole (1948) has found that in the 
ewe androgen, in combination \vith equine gonadotropin, Avas quite 
effective in inducing cstrus. Since androgens are present in significant 
amounts in the female of several species, this reaction might not be limited 
to the cAvc. 

Ovulation. — Ovulation is the freeing of the o\mm by the mpturo of the 
follicle in the ovary. As indicated in the previous section, this takes 
place in animals during the cstrus or heat period, except those, of course, 
Avhich do not OAailate spontaneously. Many theories have been proposed 
to account for the freeing of the egg from its follicle; c.j;., pressure from 
Asithiii the follicle, pressure induced from the blood supply of the ovarj’, 
mufccul.ar contractions in tlic ovarj” or lljo follicle, and the action of 
proteolytic enzymes in the liquor foUicuH. 
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Fig 49 — Ovulation in tbe rat 1 Ovum detached from 
stigma 2. Rupture of the stigma and passage of the ovum 
ijtcfiard J Bforitlau, Umternty of TFosMniKen, Schtx^ of Medicine). 




if ovulation is to occur. In the species in tvliich the mec aR'^ 
ovulation have been studied, whether they ovulate spontaneous 

similar to the rabbit, itappearsthattheprimary regulation is by ho 


As previously mentioned, ovogenesis and follicular nes 

proceed in a limited way in the absence of the gonadotropic bo 
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However, the gonadotropins are needed for the development of Graafian 
follicles and orndation. The most rapid phase of follicular growth 
appears to occur under the influence^ of FSH, In experimental animals 
under the prolonged influence of IHII the follicles become large and 
cystic and do not rupture. In normal animals it is thought that as 
follicular growth proceeds the anterior pituitary gland secretes increased 
amounts of LH, and that ovulation occurs when a certain balance between 
FSn and LU is reached. In the rabbit, copulation stimulates the release 
of anterior pituitary gonadotropins apparently as the result of transmis- 
sion of the stimulus to the pituitary tlirough tho nervous sj'stcm. 



I'm. 60.— Cyclic ovaHm in s nonprccnanl fow. Tliis anImM cxluliitod irrcC'»Iar oitnnl 
iTfi'Kli nmi Imd born brctl ropoatodly <lurlnc ft 6*month poricxl nithoul tlio of 

prrfivancy. (Cvuritty ef Dr. A, T. Xaf6an<f9r, Dtpattmtnt cf Animal ScUnct, Vmttrtiiu 
tif lUinoit ) 
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thin, nnd inon* or le-^i tran‘?parent until tho nail finally ruptures at one 
point. The follieuhnr fluid flows throui;li the ruptured area carrying the 
ovum nith it, 

during the fiml htages of folUcuhsr development the chromosomes in 
tl»e rgg ate reihir^'d to one-half t!»e ^omatie numWT hy tin* hutldinc <ifr 
R pfilir containing tl»e clmwnoMimes hut little ur nf» rjtopl.i*ni. 
A** ll>^ time ctf ovuhslion approf»rhe^, the gennirm) hill (<ii‘-cut pniligefus 
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little a as known about Hie time or priKcsa of o' utalm 
m cattle the matter had rcccacd little nltcn lo p „ 

“aacrage" time of oaailal.on of the tarioua ,^rn(,Ic indii iduol 

known, but as m all biological phenomena " 7 "/' ' ,,cting esacHs 
variation There is as jet no prac loal ">'‘'' 7 , 7 ;, /Xh ordinanU 
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ever, since heat is relatively sliort m those species random 
any time during heat ^MU result m fair breeding efTicicncy purduc 
and mare the longer heat period may influence fertility ^ sa’cond da> 
Station it IS recommended that gilts be bred early during ic 
of heat and that so^^8 be mated sometime dunng the second day ^ 
tend to stay m heat longer than gilts and can bo mated a i 
These recommendations are made wth the assumption tha 
■mW try the animals each day to determine the presence o cs 
swine, if the boar is not being used too hca\nly, conception ra e a ^ 
size can usually be improved by mating the females more 
during heat Mares have the lo^iest conception rate of all . 
animals This is due to the limited survival time of sperm m t le ^ 
and to the uncertainty of the length of heat and the time of highest 
any particular mare Studies by the ivnter showed that the 
conception rate occurred when the mares were either naturally or 
cially inseminated each day beginning on the second day of 
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continuing until tlie end of cstrus. This system is not practical under 
farm conditions. Breeding during the third, fourth, and fifth days of 
heat produced excellent results. Some breeders report equal success by 
breeding every other day beginning on the third day of heat. If a mare 
can be bred only once, the fourth day of heat is usually the best. 

Vitality of Ova. — The survival of sperm within the female reproductive 
organs is long by comparison -with the viability of ova. The early work 
of Lewis at the Oldahoma Station in 1911 is classic for its type. Of 13 
sows force-bred a total of 34 times following the cessation of estrus, only 
1 became pregnant. Leivis correctly concluded that the ovum does not 
retain its vitality for more than a few hours following ovulation. More 
recent studies have shown that not only is the life of the ovum short but 
that developmental abnormalities may be related to the age of the egg 
at the time of fertilization. In the guinea pig Blandau and Young (1939) 
found that when fertilization was delayed for 8 hours following ovulation 
there was an. increase in the number of sterile inseminations, a decrease 
in litter size, and an increase in abnormal pregnancies. No normal 
development followed insemination more than 20 hours after ovulation, 
and complete sterility occurred after 32 hours. Similar results were 
obtained in the rat (Blandau and Jordan, 1041). Records of cattlo 
inseminations have consistently shown that very poor conception occurs 
uhen insemination is carried out 12 hours or more following the end of 
heat (Trimborger and Davis, 1943). 

Superovulation. — Following the discovery of the gonadotropic prin- 
ciples, numerous attempts to induce estrus and ovulation have been made. 
For the most part the studies have been concerned with tho induction 
of normal cstnial cycles and o\nilation rates typical of tho species. IIow- 
over, a number of invc.stigation3 of supcro^'ulation, the production of 
large numbers of ova, have l>ccn carried out. 

It w.'us shown that certain gonadotropic materials would produce super- 
ONiilaliou in rats and mice, that many of tho eggs were fertilized, that 
there wtus a relatively high rate of crabrj’onic mortalit}’, but that larger 
than normal litters could be produced (Engle, 1927; Colo, 1937; Evans 
and Simplon, 1910). 

Tins problem luv.s Ijccn invcsligat<5d in both cattle and sheep at tho 
Univerbity of Wisconsin by Casicia cl al. (10 10-191 1). Twenty-four ewes 
treated witl\ follicle-stimulating extracts laid a total of 570 corpora 
hiti a, and 3.57 ova %\ere recovered. AH the owes were artificially in.M'ini- 
nuted. Peven of the animals had no fertilized ova, and 17 of them 
yiehhsl from 2 to 19 ova in varj’ing atages of cleavage. The responses 
ohlaiiKsl varie<l with tho gonadotropins uvmI and tin* stage of the eatrunl 
cycle at the lime of tn*atment (Murphrce et al, 1911). 
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rollo^mg the demonstrat.on that 

could be obtained a study ot the sun ivnl of ind . ,_,i,,eed m 25 cues 

uas made (Casida et al 1944) Suporoaulntion uas md ^ ^ ^ 

It was found that at 2 to 5 days folloumg ‘ and an 

normal embryos per elie. 3 4 “Vaestat.on No lambs 

average of 0 8 normal embryos at 30 to 37 <>;> -'«",, "result 

had previously been obtained wi 
cattle (Casida d ul , 1943) 

There is considerable doubt 

the desirability of multiple pre^ 
nancies in most species o 
animals In the horse, twms ^ 
triplets are very „,,ed 

Tams arc seldomsuccessfullyrais 

and most frequently both die 
eattle tains occur onre m eveW 
or 00 births The high incident o 
the freemartm condition . 

of opposite seves the mcrea^d 
mortality rate of twins md 
fact that there seem to be 
difficulties m cons which P™ , 

twins all combine to make muttip 

births of questionable value 
practical cattle production 

Multiple h.rths are coasidemc 
desirable m both sheep an si 
but even m these species there a 
problems Under range con 
Single lambs are often p , 



Fig 61 — Supeiovulat on in the rabb t 
Uterua of rabb t 13 days after term na 
t on of treatment w th gonadotrop n» there 
vere 33 placental b tea of wh ch IS contained 
normal embryos 4 conta ned degenerate 
embryos and the rest were empty CCour 
ieav o/ n « Casida Wartcick and JUurp/tree 
Un sersUv oj TTircon* n ) 


because of their greater sise 


Vigor 


r 01 tneir - 

In some cases high P 


' lificacy ofBwmehasbeenasso'-^^^^ 

■with reduced birth weight of the pigs and thus a lover rate of 
This problem is not general m sivine but is mentioned because 
are limits to prolificacy 

It 13 possible that the capacity of the uterus in regard to size 
lation efficiency nutritive and excretory capacity may be limiting ^ 

As pointed out by the Wisconsin group superovulation may resu 
production of abnormal ova capable of fertilization but not of n 
intrauterine development 


)Ciated 
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Castration. — This operation in the female is generally called spaying. 
It has not been practiced to as great nn extent as in the male and is 
becoming rare in practical livestock production. One of the reasons is 
that any operation which involves entering the abdominal cavity necessi- 
tates a skilled surgeon and always involves risk. The chief reason for 
the decline in spayed animals is that the results are not so strildng as in 
castration of the male. Many studies of its value have been made; the 
results at the Purdue Station are typical, although not original. . Spayed 
beef heifers tend to have better finished carcasses than normal females, 
but they do not grow so rapidly nor do they utilize feed so efficiently. 
It is doubtful if the practice is economically sound. 

This terminates, temporarily, the discussion of the primary organs of 
reproduction in the female, the ovaries. We vnW return to them again 
when fertilization and implantation are discussed and in the consideration 
of fertility, sterility, and breeding efficiency in subsequent chapters. 

Fallopian Tubes. — ^The Fallopian tubes, ovarian tubes, or oviducts, 
act as excretory ducts of the ovaries, conveying ova from the ovaries to 
the uterus. They are not, however, in direct continuity \vith the glands 
but rather partly in continuity with and partly attached to them, both 
ovaries and oviducts being suspended in a fold of the broad ligament, the 
mesosalpinx. Their anterior ends open into the peritoneal cavity, and 
posteriorly they join the horns of the uterus or the uterus proper. 

Their analogues in the male arc the va.$a deferentia. The Fallopian 
tubes consist of an inner mucosa and outside this a circular and a longi- 
tudinal muscularis and an external serous coat. They arc firm to the 
touch and have a diameter of about 0.1 in. in the cow. The fimbriated, 
or iunncVsYinped, end o! the oviduct nearest the ovary is called the 
infundibulum. The middle portion consists of the dilated ampulla and 
the constricted i&thrau.s, whcrca.s the portion entering the horn of the 
uterus is called the intramural portion. The mucosa of the oviduct is 
thrown up into folds and is richly supplied with IjTnphatics and tliin- 
w.allcd bloo<l vessels, indicating a secretory' activity. The epithelial 
lining of the oviduct is often ciliated, and the ciliary motion is chiefly 
toward the uterus. Spermatozoa that are deposited in the vagina or 
utems at copulation pass up these tubes to their upper end, where 
fertilization usually takes iilacc a.s soon as the o\'um is lilicratod. 

I'Xperimental n'lnovnl of one ovary and tying off of the opposite ovi- 
duct has l>ecn follouxsl by pregimncj*. In .some way, in other wonl.s, 
the egg prothiccrl by one ovarj' niovwl ucrass the peritoneal r.nvity to 
the other ovidurt and on down to the uterus. Dukes suggasls that tliis 
may 1 m* due to the action of the cilia in the infundibulum hCttiiig up u 
current in t!ie jM-ritoneal fluid, the cilia lasting towanl the utenis. 
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The tcrm.zed oMim or l-om or in tlio I)™'.'’ 

3 tod rlnysin dome.t.o nn.mnl. ,,,ri„.d in .omo 

of tiro utoms. For tins imrpp “ ! ‘ Son. from oncl. of ti.o rciU 
from the cilia or microscopic finRcrlike p J motion tendmfi to 

that Vmc the inside of the oviduct line ...^vor cilia ore lacking 

push the o\-um douTiward. In other species, lo , robably 

I the oviduct,. .0 llurl the dr.«-ntvnnl „t iL tuto, 

hero referable to the ,>cn>,tnU.e action of continuous 

even though this i, made up of 7»“ ^uct, and their 

nave. Like the rest of the female lumlna oi 

glands become more active at calms. P * ^ ^ 



^'1 \U.jBL 

no 52— Utenneaningoltheinare 1 Tirst da> *ftcr foaling, endometnu^^^^ 

f 05 pregnane} 2 I irsl da} of foal heat endometnum not } ct repaired 

ahich are smaller than the lead m a pencil and greatly 
someahat m the nature of a seal, thus preventing anytmng 
passing derttm into the pregnant uterus. It can readily be ^n, \ ^jjgjy 

if infection of any sort once found lodgment here, it would be 
difhcult to combat or to eliminate. The most usual ty^ f oviducts 
operation in woman consists of the severing and tying off of the 
so that sperm are not able to come into contact Mitb tbe egg. in 

Uterus and Homs.— The oviducts in the higher animals terroi^ 
tbe homs of tbe utems, and the boms terminate in the j^tal 

uteras It is here, of course, that the embryo undergoes its p 
development In the human, the homs of the utems to 

lacking In the mare the body of the utems is nearly equal m eo^ 
that of the homs, uhereas m the cow, ewe, and sow the body is s o 
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the horns long. The horns, or comua, are long and straight in the dog 
and cat, long and coiled or folded in the sow," and long and curved, some- 
what like a ram’s horns, in the cow, ewe, and goat. The horns and 
uterus proper are lined with a highly vascularized mucosa bounded by 
two layers of muscle fibers, the inner circular and the outer longitudinal 
layers. This muscular structure provides tlic uterus with the degree of 
elasticity necessary for pregnancy and also provides the means for the 
final expulsion of the fetus at time of parturition. 

The external covering of the horns and uterus is the serosa. The 
mucosa of the uterus is highly vascularized and contains many glands 
and lymph spaces. During sexually mature life it is undergoing rhythmic 
changes due to the heat periods, the inner surface being renewed period- 
ically preparatory to the release of eggs from ovaries. The glands 
increase in size and activity at this time also. The fertilized egg descends 
the oviduct and finds lodgment in or on the uterine mucosa. Parts of 
the inner uterine wall become modified, forming the maternal part of the 
placenta by means of which the embryo receives its materials for growth. 
This may be a circular or disklike area, as in woman and the mare, a 
zone or band, as in the bitch or cat, or rows of cotyledons or caruncles, as 
in. the cow and ewe. 

Cervix . — 'Vha utenis terminates posteriorly in the cervix, or neck of 
the womb. This is a very thick-walled portion of the genital tract. It 
is lined with simple epithelial cells that secrete copious amounts of mucus 
into the small canal passing through the cervix. The thick muscular 
walls are th^o^vn into many folds that expand at time of parturition to 
allow passage of the fetus and then retract in a few days to their con- 
tracted state. The cervix forms an effective seal at the posterior end of 
tlio uterus. 

In the mare, the cersdx is 2 to 3 in. long and in. in diameter. 
The cervical canal is straight and never fully closed in the nonpregnant 
state. In the cow it is about 4 in. long with a wall 1 in. or more in thick- 
ness and is always tightly contracted except at parturition. The canal 
through the jow’s cervix is spiral, folds of tis.suc being tl\ro\vn back on 
each other making it difficult to dilate or to insert an instrument of any 
sort. In the ewe, the cervix is about in. in length, and the lumen is 
tightly contracted and difficult of entrance as in the cow, whereas in the 
sow it is about 4 in. long, partly occluded by rounded promincncc.s on 
Us interior and has no inlravnginal projection as found in the marc, cow, 
and owe. 

The eharaetcr of the mucus M'cretod by the cer\’ix varies considerably 
at diftcrcnt times of the reproiluction cycle. During ostrus, tho mucus 
is thin and watcrj', the cci^'i.v also somewhat roliuxed. Rolli these con- 



ICO aei> ;.u™orwf£.vr of faem AsmALS 

ditions render pn„eco of 'l'» «™-“ 

hent, the mucus tldclrcns end romn.nn m mucus 

licat period. Follouing the onset of P^"“ ermanent plug 

becomes verj- thick, forming n mom or 1,^ sohd nmi perm 

that seals the cervix and thus protects the ^ , ^j^af.on here is 

ance of tins plug is often followed by nbort.on, but the rear ^ 

quite variable among both individuals and SP'™ • are 

ture, especially in the cow, pathological conditions 

particularly bard to treat. „„Uol Kinii*? or vesti- 

Vagina.— From the ccr^'W posteriorly to the urogen ^ 

bule, the female genital tract is termed tbc fflffina. I ^ 







First 

Fiq S3— Changes m the vaginal epithalium of the maro during the cell* 

day of Mtrus 2 Seventh day of cstros. observe increased number Oi cp 
flattening of surface cells 3 Five days after csttus 

lies horizontally below the rectum and above the bladder. 

ofthetractisrelatively eimplebothinstructureandfunction. 

anatomically of the usual three layers of tissue: mucosa, muscu 
serosa. The epithelial lining of the vagina is very rcspon|ive p ^ 
sexual changes, and these changes have been intensively^ stu le 
correlated tvith the phenomena of estrus, ovulation, etc., in ^ 

pnimala and in woman. During estrus the cellular epithelial jj 

the vagina proliferates, becomes highly stratified. During interes 
is less active and consists of fewer layere of cells. In the mare tne ^ ^ 
is about G to 8 m long; in the cow, 8 to 10 in.; in the ewe, 3 to ^ 
the sow, 4 to 5 m. The va^na generally becomes longer during 
pregnant state. ^ 'tteD 

The function of the va^na is twofold: (1) to receive the intromi 
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organ of the male in copulation and probably in most cases the ejaculate 
also, and (2) to provide a passage for the fully developed fetus at term. 

Vulva and Clitoris. — ^The female genital tract terminates posteriorly in 
the vulva or external orifice. With the onset of heat, or estrus, these 
structures become congested and enlarged, particularly in the sow, 
somewhat less so in the cow, the mare, and the ewe. The clitoris, the 
small erectile organ homologous to the penis in the male, is situated just 
inside the portion of the vulva farthest removed from the anus. Suffi- 
cient stimulation of the clitoris results in a sexual orgasm in the female. 

Fertilization. — Hormones from the anterior pituitary cause a number 


Female pronucleus 


Perforatorium 
'Male pronucleus 
'Sperm middle piece 


Fia 5-1 — A rare pilot omiirograpb of tho carh fcrtiliintion process in thorat taken with tho 
phnNj inicroHtopc (Courtesy/ of Dr. Richard J. lilandau, UmtcrtUy of froaAfnpton, <ScAoof 
of Medicine ) 

of foUirlos to begin tiicir final rapid growth and maturing processes, 
nvcntually one or several (depending on individuality and Bpccics) 
follicles become fully mature, a process which includes tho reduction in 
the numlwr of chromosomes to the haploid number through tho budding 
off of a polar bo<Iy containing one mcml)cr of each pair of clu-omosomcs. 
The follicle finally ruptures, and the egg is liberated during cstnis. At 
this lime tho female nill accept sendee by the male, and billions of 
PIH'miatoroa are introduccil into (he distal end of the vagina, into tho 
cenix, or possibly in Komeepccicsdiroctly into the uterus. In thecours».» 
of n W'ry few hours masses of t(i>ennntozoa have been tr.msportcd tlirough 
tla* uterus nnd lul>es to tbe upjKT end of the latter. 

'Ihe ovum dn)ps, or is swept, into the infundihiilum, and one «i>orma- 
toztxm immediately pi»'n'<>Hit. 'Fins stimulates the ovum to throw olT the 
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Bccond polar body Immediately followmg, approach each 

dropped or discarded, the male and the female pr „ 

„J?M.thin the oamm, the of to “u, and the 

of the sperm dnides, a portion moving to P arranged m Ac 

paternal and maternal chromosomes finally ^ completed 

equatorial plane This process isknm-n arrangement of 

vith the fusion of the male and female pronuc ei and the^a^^ 
the chromosomes m the equatorial plane P aerial ma'e 

.ration is completed u.thin a few hours after service by ^ 
on a female m cstrus, other sperm may penetrate the P 
only one enters the ooplasm to effect fertilization 

In recent years mammalian ova, especially from the r 
secured and have been fertilized m test tubes, ® P g, properly 

observed They can then be inserted into the "terns to 

stimulated female, and embryonic development pr , develop" 

term m the foster mother Pmeus (1939) has recently 
ment of the rabbit ovum without stimulation of the speOT to 

long-sought mammalian parthenogenesis and f .r -hrotno* 
Pmeus, because of an early restoration of the diploid num 
somes through nuclear division without cell division i, berated arc 

In the multiparous animals it is seldom that all the eggs to 

fertilized and implanted, the loss m the sow having been c . j^|tjp]c 
a\crago 20 to 30 per cent and to run as high as 50 per cent 
ovailations m the cow and mare are also known to bo _ betteft 

than multiple births, which m these species is a good thing 
too, from a practical standpoint, for a sow to liavo 10 or 1 6 
\ igorous pigs than 20 or 25 small, weak ones, the large majori y 
generally die \ crj early ^ cell 

The fertilized egg or zygote, immediately begins (1) to groi 
diMsion and (2) to descend the Fallopiaa tube into a horn or i 
proper The egg is huge compared with other body cells ib 

stored yolk Its early segmentation docs not involve an in 

size but rather an increase m cell numbers and a consequent re jj.,, 

the size of the cells to that characteristic of other body cells of t le s 
Cell divisions proceed at First at the rate of one or two a 
passage down the tulic is probably effected by both ciliary and mu ^ 
activities of the oviduct and takes from 3 to 4 days The ovi< uc 
proiluccs a secretion that may help to nourish the egg m its 
downwanl Normally the mass of cells reaches a horn or t ic 
proixr (though ovanm, alKlommal, and tubal pregnancies 
and then) and lx comes attached to the uterine mucosa w here cm > 
th \ « lopment proceeds 
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Attachment generally occurs in the larger fai-m animals in the horn of 
the uterus corresponding to the ovary that contains the corpus iutcum, 
but many cases of migration and implantation in the opposite horn have 
been recorded. In multiparous animals like the sow, implantations occur 
at more or less regular intervals throughout the two horns, regardless of 
the fact that most of the eggs may have been produced by one ovary or, 
as demonstrated by Warwick, after removal of one ovary. The exact 
mechanism regulating the site of implantation is at present unknown. 

Corpus Luteum. — The corpus luteum (yellow body) is an intermittent 
or periodic gland of internal secretion that is formed within the follicle 
after ovulation. Upon rupture of the follicle and liberation of the ovum, 
there ensues a rapid vascularization of the granulosa and theca cells that 
surrounded the follicle and sometimes an escape of blood from the theca 
into the follicular cavity. The cavity closes over and with the retained 
blood clot is kno^^^l as the corpus hetnorrhagiewn, which is the earliest 
stage in the development of the corpus luteum. The conncctiv'e-tissue 
cells of the theca folUcuU, which have arisen from the ovarian stroma 
surrounding the follicles, gradually grow in and partially fill the follicular 
cavity, the blood clot gradually undergoing absorption. The granulosa 
cells of the undischarged follicle hypertrophy. The rapidly multiplying 
colls of the theca, under stimulation of LII from the anterior pituitary, 
absorb yellow lipoid pigment and fat droplets, which give to the corpus 
luteum its characteristic yellow color, which varies, liowcvcr, in dilTerent 
species. Blood vessels arc carried in with the ingrowing tissue from the 
Ihcca, making the corpus luteum a highly vascularized gland. The 
corpus luteum grows quickly, soon filling the follicular space and usually 
pfofmdfng from ovary, ifs /a<cr growth being due to enfargement of 
the cells rather than to cell multiplication. 

If the animal conceives, the coipus luteum continues to enlarge until 
about tiie middle of the gestation period. It then often begins to shrink 
in t-izc and to decrease in secretory activity until it finally degenerates 
and liccomcs the corpus albicans. In some species it is not wholly 
absorl>?d until a considerable lime after parturition. If concojition docs 
not occur, the corpu.s luteum docs not grow so largo, and progesterone 
Fccrclion declines before the onset of the next cstnial period. 

The funriions of the corpus luteum hormone, progc.slcrono, arc n-s 
folluNSH*. (1) progestational changes in thc_cn(lometrjum_of the uterus 
that are neccN^aty’ to sonsilire (he uterine nail l>eforc implantation of 
tb»' mnrulacnji taliejplaco us well as the early development of ibc phiecnt.a, 
[2) ihe rc'gul.ation ofjlie citrous eyrie by preventing e.itrus and ovulation 
until tlie corpus luteum reaches a rertnin stage of atrophy, (3) the main- 
tenann* of pregn.ancy, (I) to iisyiit in Ibe reljualion of_ll»o„pe!vis at 
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parturition, and (6) some participation, it seems, in the deYclopm 

“szz.'X... — « « “ 

tion has been determined for some species « cycle by 

species that removal of the luteu” shorte ^lly follows 

qnieklj inducing the next heat period, iihich in the cow ge 

"yte'esremovalofthecorpusluteumdur^ 

m the absorption of the fetus or an abortion absorption is 

If performed very soon after fertilization, abor i aispens® 

practically certain to follow Some sjmcies can B^iion 'y s^nM 
with the corpus luteum much earlier than others, an janctions of 

thought that the placenta may then take over some cles occurs 

the missing corpus luteum, for the relaxation of the pe 
normally as does the development of the mammary 


^ maternAl 

Placenta— The placenta consists of two parts uhichis 

placenta, which is of maternal origin, and (2) the fetal at 

of fetal origin The fertilized egg. or zygote obtains its 
first from its o\m stored yolk and perhaps also from it j^hsists on 
lopes, the zona pellucida and the corona radiata and 

matenals secreted by the uterine glands, absorbed embedded 

obtained later by means of the yolk sac Tinally, it i througli 

m or attached to the uterme wall The placenta is develop 
which food materials pass inward to the embryo, and was 
pass outward from it by means of the placental blood (j^oruU 

Following segmentation, which produces a solid mass ° ilastago) 
stage) , a central cavity is formed within the mass of cells embr) » 

Then there ensues an invagination (gastrula stage), and t 
proper del clops from the mvaginated cells The portion remai ° 
side IS called the trophoblast At first each blastomere is 
independently, but following invagination the trophoblast is co 
wholly w ith the nourishment of the embryo that is to be elabora e 
fusing of the external w all of the allantois, an outpouching from 
gut region, with the trophoblast produces the chorion, or a ^ ^jlood 
The trophoblast is highly \asculanzcd by outgrowths from 
xcssels of the allantois . - the' 

In the pig the blastocysts are spherical for 10 da>s, but i® 
rapidly elongate, and bj the fourteenth day thej together fill ^ jpto 
length of the uterus Foldings appear in the trophoblast tha * 
folds of the ulenis which increase the area of contact The trop ^ 
fits clo&elj to the surface epithelium of the uterus and sends protop 
processes betw cen the cells and perhaps down to the underljnng > 
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dilated capillaries. Villi do not form in the pig, and the utenne mucosa 
has no special cotyledonary areas. The placenta of the pig is, therefore, 
of the contact type (semiplacenta) in contrast to the burrowing type (true 
placenta), e g., human. Materials secreted by the uterine glands are 
absorbed by the trophoblast and transported to the embryo by means of 
the allantoic blood vessels. 

In the mare the lymphatic system of the uterine mucosa is greatly 
developed, and villi are found in the allantois that fit into tiny crypts of 
the uterine Avail 



Tkj 65 — Pregnant uterus with cotjlcdous A, uterus; DD, raaiernal eot>Iedon; D, fetal 
coUletlon (from U S. Deparlmtnt of AffnevUure, Dt$casea of Cattle) 

In the coAA and the cavc there arc many special points of attachment 
betAAcen the chorion and the uterine A\nU These arc called cotyledons 
(buttons), and these species arc, therefore, of the polycotylcdonary 
There are 70 to 130 cotyledons in the ewe and coaa. During pregnancy 
the cotyledons become fipongj', oAnng to increased A'ascularization and 
the enlargement of tlic Ij'mphatics Villi containing blood A'cssels from 
the allantois grOAv out from the cotyledonary areas of the trophoblast and 
become embe<Ulod in the tissues of the cotyledons ,of the utenis The 
VAterine giands in the intercotj-ledonarj’ areas ns Avcll as the surface 
opithrliuni also secrete cojjiouMy during pregnancy. This secretion, 
togptiier A\ith its contuiued formed constituents (red-blood corpuscles, 
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leucocytes fat globules salts, glycogen 

systems, IS kno™ as uterine nulk It seems probable tl 

of oxygen and carbon dioxide is effected m ‘’'f ’ „ome into 

are absent and where the maternal and fetal blood syste 

close contact , , , nf the 

The fvmction of the pKcenta is, of course, the elaboratio ^ 

matenals necessary for fetal development and the e\ e op 
transporting si stem for conveying food materials to the em 
as veil as vaste products awaj from it It should be reme 



the mother contributes no blood as such to the embrj o If 6 ^ 
an island out m midstream as the embryo then the intervening 
and boats plying back and forth might be thought of as the p 
foctahs and the sandy beach of the mainland as the placenta 
The placenta performs an endocrine function as well and m 
species secretes estrogens progesterone and gonadotropic borniones 
Embryological Development — As noted previously fcrtihzat‘°" 
union of the male and female pronuclei each \vith its haploid nuro ic 
chromosomes generallj occurs ra the r-illopian tube f ollois ing o\'ula 
The zjgotc vithm tiie surrounding capsule or zona pellucida 
atcU starts its descent to the uterus Cell di\ ision is inaugurated 
entrance of the sperm and continues during the descent The ‘ 
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required for the developing zygote to traverse the oviduct probably varies 
somewhat in different species but consumes a period ranging from 1 or 2 
up to several days. During this time the egg lives and grows upon its own 
stored nourishment found in the yolk. 

Upon entrance into the uterus, the group of cells, probably in the 
morula stage, takes lodgment upon or in the uterine wall, absorbing 
nourishment for growth from the uterine secretions until its own develop- 
ing extracmbryonic membranes can set up a connection with the blood 



1 JO. 57. — Stacfg in tlie imptantatinn of the guinea pic o\-um. 1. Note hipolariti’ of the 
nil utti niui bi’cmninc of ottnclimcni to the wteriiic cpithciium. 2. 01»’scr\ c lo-w of nucJci in 
the rpiliieimm. 3. Implantation npprosiinntcly ono*h'ilf rompletrti. -1. Implan- 

tation nItnn^t romplctcU. (.Courltty of Dr. Hichard J. /ffant/oM, t/niffr«i7y of iraj?iiM£i/on, 
of Medicine ) 

MN.vr-lH<)f tliomotlior’aiitcnjs. liFhould be understowl tlmt thomitrilioii 
of tltc t‘mbrj'0 is imliivct afti*r the initml hluKcs. The embrj*© lives fir^t 
u\tou the stonxl mitrientjt in the yo^k of the prr, noxt upon the uterine 
^<•cr^•tinn•>^ then upon nutterials carrietl to the placenta in the mother’s 
bhKKt },trenin, then, in mamtualH following parttirilion, upon milk .•'Ccreled 
nKo from tltc ntothcr’n IjUkkI, ant!, finnUy upon food tlmt the younR h:iH 
IcitrntHl how to Msnire for ilttelf. 'llic mihiytt never pets any Itlotxl i\n 
ftteli (rton it*t mot iter. It tmiids up Uh hh>o<S, n liquid ti'^nic, in the 
ntatiruT tlmt U ImiUIs up nil the other Iikmics of its hotlv, hone, 
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protected from concussion. From the hind gut there forms nn out- 
pouching that grows out and enfolds the amnion and its contained 
embryo. This is the allantois, which is also filled uith a watery fluid. 
Its outer wall fuses with the outer wall of the blastocoele, forming the 
placenta. Food materials arc carried doum into the maternal placenta, 
there transfuse into the capillaries of the allantoic circulation, and are 
carried to the cmbrj'o by means of the blood vessels through the umbili- 
cal or navel cord. "Waste products of the embryo are eliminated by the 
reverse process. In ruminants, the connection between chorion and 
uterine mucosa occurs at the cotyledons, or buttons. 



Kio. CO.—llovine mounter. l'ml»r>ouic almotmnUtw^ o( ihia t> i>o arc the vxccjilion rnlhor 
than the rule. 

Kmliryonic development is a complicated and marvelous process. The 
xyKolo consistis of one minute tindifl’erentinted cell. Tho baby or calf 
or pip condits literally of billions of cells that bnve all come from the 
original Some have been differentiated into lonp-rauFclc cells, 

others into hccrelinR cells (liver, piluitar>*, etc.), olliers into bone cells, 
btill otberK into bniin cells. Wc knotv little at present conceminK tho 
c,-\u^o of this tfi>ociaUzslion and of the directing forces involvetl. It MS'ins 
|KHu1iar fnmi a genetic hLandpoint, for all the cells of the hotly )ia\o 
>injil'ir c)jromo-onu-s Inteni'il Htimnli nilliin the cytopla‘-m of tiie cells 
well ns evtemal titttnvjli in the different n'Rinns (orRunirstion renler>) 
of tl.f* eatbrto are no donht oj>eni(i>e in brlnginK nhoul the tnuishjrmn- 
tiea from the one timljfferentmtwl cell to its billums of difTerenti.ittsi 
th-^r-radimtH 
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Recapitulation -The ovary, under Tva' '’we 

tars gonadotropins, produces mature ,n sufficient quantity 

oiMyalsosecretesttolemaleseiihormone, estrogen,. 

to cfuse estrus Mating ordinary follicle as the 

latter part ol he it the ovum is liberated f™” foUomng ovulation a 
result of the ovulatory MlmTe ^d the hormone 

corpus luteum is fo^ed 

progesterone is produced This is esscmia nregnancy K 

prepared for the estabhshment and , jAart their journey 

Lmal has been mated, the spermatozoa and boms of 

toiiard the ovary They pass "roman tubes where the. 

the uterus and into the distal ends of the Fallop by the 

await and fertilize the ovum or ova , ihe'^nfundibulnm 

follicular fluid as it oozes from the ruptured “by a sperffl 

and thence into the Fallopian tube where it must be „»e 

within a few hours if fertilization m to occur ronucleus 

spermatozoon pierces the wall ol the oyim and “"Jt ^ J to foUmr 
can unite with the female pronucleus it normal „ „ tube and 

The fertilized ovum now starts its journey doivn *6 P ^ ,tj 

becomes attached to a suitable area of the utenne b» jnd 

prenatal development All these events are under e”d“cnn 
require the most exact morphological and P^^’S^p^nt are te 
coordination if fertilization and normal ^t proce"* 

take place Embryonic differentiation and fetal js, with 

m accordance with the species pattern and end, m ma 


partuntion and lactation T>,.«r.»qses ^ 

Chronological Order of Reproductive Physiological ^ 

essential for the student and breeder to keep in mind the ^ Iq 

logical processes m the female that are concerned m repro (2) 

order of their appearance they arc (1) maturation of t e 
cstrus, (3) copulation, (4) rupture of the follicle (5) ^artuntio^ 

mation of corpus luteum (7) implantation, (8) gestation, (.Jl P 


(10) lactation, (11) absorption of the corpus luteum gecrctio** 

Summary — ^The female’s part in reproduction consists of ’C pf 

of \ lable o\ a or eggs in the o\ ary, their rupture into the infun 
the uterine tubes or oviducts, where each is joined bj a sperm jg^s 
tributes paternal determiners of potentialities and incites the m 
process of cmbiyonic development which will eventuate m a 
or months m a new and unique individual To use again our an 
an asbcmblj line, the ov a originate at the far end of a big tube, > 
cpuckly (if at all) pick up a sperm and then pass into a roomy 
where all the marvelous parts are 6lonl> fashioned and fitted 
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into a completely new individual As soon ns the job is completed, the 
front door of the uterus, the cervn., which after admittmg the sperm Mas 
tightly locked to prevent any harmful intrusions, is thrown open and the 
nei\ individual emerges into a new and strange world To be successful 
the breeder must thoroughly understand these processes and the factors 
affecting any of them for good oi ill, in order that breeding operations 
may be properly timed and conditions made optimum for the eventual 
bringing into being of superioi animals 
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CHAPTER VI 

REPRODUCTIVE EFFICIENCY 

Reproductive efficiency connotes the optimum effective use of the 
reproductive powers of all the animals in a herd or flock. In the female 
it is the regular production of offspring over a period of years; in the male, 
the successful fertilization of the largest number of ova uith the fewest 
possible sciences. In the following chapter wc will describe some of the 
more common types and causes of sterility and lowered fertility. Unfor- 
tunately, reproductive efficiency is not limited only by the conditions 
which wc will discuss. All herds and flocks have some abnormal 
individuals in which the failure of reproduction can be accounted for. 
Likewise, in all herds and flocks, all of the apparently normal healthy 
females do not become pregnant following a single service by a normal 
healthy male. There is good evidervee that these differences in reproduc- 
tive efficiency are often traceable to differences in breeding management 
and general care. Wc should never overlook the fact that our animals 
arc individuals and that the best management of one may not necessarily 
be the best for another. For the most part livestock management entails 
the application of common sense directed both by previous experience 
and by a knowledge of scientific principles. The more thoroughly the 
wwi. t-W e,v.p<5,rle.wc,<i,, 

the more efficient should be the management. Without good judgment 
or common sense, neither knowledge nor experience, nor both, will avail 
to render a livestock-breeding enterprise profitable. 

Standards of Reproductive Efficiency. — One of the objectives of every 
livestock breeder is to produce a pregnancy ns the res^flt of each service. 
Tn species characterized by single births, ns in cattle, this would mean 
one offspring per sendee if the proccas were 100 jjcr cent cfilcicut. In 
Hwinc, the Btundaul is higher, and wo might arbitrarily designate the 
prcKluctiou of 10 pigs per hcndcc as 100 per cent efficiency. Tins degree 
of enicicncy is occ.a.Monally attained, hut for the livestock population n.s 
a wljolo the process is far le-vs efficient. It is the atithors* bpinion that 
nwiriy any rive*t(K*k breeder can iiicre.*isc ^productive offieicncy at Ic.ast 
10 per cent by the adoption of cum'utly uecepte^l brcfsling pnvcticcs. 
This increase can be expected in normal animals without the ««e of any 
».I>eci:d drtigs or therapeutic regimes and involves chieflv the judicious 
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in nnFFOii^a n,rno^ . uf'r o> 

U,0 and caro ot a.r« and the naat.nB of fcmalca at the optimum 


respect to 0% ulation i.ns been reported to ranR® 

'Ihc incidence of iibsolutc btcrihlj m complfte reproductive 

Horn 6 to 7 2 per cent \\ hen l>->- ^ Il'ich eT'ntuallj conceuc, 

tailuro arc consulcrcd aeparatclj froin ll ' determined 

the breeding efTicicncj of the fertile ^ different 

?:lerBerLd Bums (1043) ha^c ---"'Xl " 23000 

.mestigationaof thehrocdulKofficenci '■“‘'XerMces per concep*-"" 

eattle In one ntudi ot 1,801 con, t of thelns conccned on 

nero required Approximatclj 78 per cc „„d 

the first sen ICC, 15 per cent on the second, ^ j , reported m 

1 7 per cent on the fourth or more sem lee, 11 esc da ,a « 

1918 and to the authors’ kno«WRe, hai.o n ^ of 

large group ot eattle At the other extreme are 2 52 Thu 

1,151 cons in which the average semcc, per not 6cem great 

diffcrcneo of only one moto service per Xi? 1 of the cows con 

,1.. evsmineil. it 1 , SCOU that Onlj- 4( 1 01 ^ , , 


of only one moto service per pregi.a.e-, - . 5„„ 

men the data ate examined, it i, seen 7 per cent on 

the first service 22 1 per cent on tho nocond, P ^ the 


coivod on tho first service 22 1 per cent on ’ Delay >" 

tho third and 17 5 per cent rcquireil 4 or “X, t„con colvinP 
establishment of pregnancy increases the time interx W 

doorcases tho number of ortspnng per animat “"d ’ ,^„ceuO 

decreased milk production When the data from n'‘ Xere required 
matized it was found that 1 70 services per conception ' g,e,e, 
This figure is fairly typical ot the average cattle 'mrd m the 

In occasional well managed, disease-free herds ’fO to 8U P 
cows may conceive on the first service We believe 1 poodf 

efficiencyr can be if the ^t praetm 


jtal 


efficiency can bo attained if the best practices uro , ofgcnitf 
managed herds or in animals in which there is a big i pats 

diseases breeding efficiency may be less than 40 to oO per c ^ jg9 

16 555 cows showed that 04 3 per cent conceived on the nrs j^ppro'U 
and 8 5 per cent conceived on the second or third jnals >\ere 

mately 7 per cent required four or more services These a iD 

all naturally mated The brce<hng results uhich arc being 
artificial insemination associations throughout tho Um c . 
very similar to natural service As a general rule anima 3 vv b® 

conceive following repeated natural 8cr\icc to a fertile sire 
expected to become pregnant when artificial insemination is us 

The breeding efficiency ot beef cattle under range conditions to 

expressed m terms of the annual calf crop since the bulls arc a 
run with the cows during the breeding season The call 
range may be as low as 40 per cent and occasionally as high as 
Baker and Quesenberry (1944) studi^ the breeding and ca vin 



REPRODUCTIVE EFFICIENCY 


175 


at the TJ.S. Range Livestock Experiment Station, Miles City, Mont., for 
an 18-year period. The average calf crop during 4,753 cow years was 
83.1 per cent. The calf crop varied from 66.1 per cenrfollon’ing the 
severe drought of 1936 to 92 5 per cent in 1939. An analysis of the data 
did not show age to he significantly correlated with fertility, but it was 
revealed that over 50 per cent of the shy breeding cows could be identified 
by four years of age. 

Swine have generally been considered to be the most fertile of all the 
farm animals. In fact, during the 1930’s the prolificacy of snine was 
considered as one of the leading economic problems of the livestock 
industry. The data "which are available on the breeding efficiency of 
swine do not tend to support the first statement. Phillips (1939) reported 
that of 250 SOW’S selected at random from a Bureau of Animal Industry 
swine herd 16.8 per cent failed to produce litters. Of those winch far- 
row'cd, 84 per cent conceived on the first service, 12 required two services, 
2.5 required three, and 1.5 per cent required four services. In a subse- 
quent report, Phillips and Zeller (1941) presented data on conception 
failures in 1,354 breeding seasons in six breeds. They found that con- 
ception failures ranged from 13.9 to 30.9 per cent. By estimating the 
number of ova produced by the different breeds at the time of ovulation 
and comparing with actual breeding and farrowing data, these w’orkers 
have attempted to account for the losses of ova which occur. Their 
cblimates of the per cent of ova lost arc as follows: “(o) failure of con- 
ception, 30.4 per cent, (6) loss from conception to parturition, 19.9 per 
cent, (c) loss from parturition to weaning, 14.0 per cent, and (d) loss at 
parturition, 2 per cent. This leaves 27.1 per cent of the ova w’hich have 
the chance to bo fertilized represented by live pigs at weaning." IVlicn 
the fertility of swine is considered from this standpoint, rcprotluctivc 
efficiency seems very low. It has been known for many years that in 
pregnant 60 w.s examined in the slaughterhouse only about 70 per cent 
of the ova wliich have been produced arc represented by normally devel- 
oping fetuses (Hammond, 1921). Thus, when the fertility of swine is 
considercxl in tcrm.s of females which do not conceive, those in w Inch few 
ova arc fertilized, tho high mortality of fertilized ova, and los.scs at 
parturition and prior to weaning, it is evident that a serious and challeng- 
ing problem exists, 

Sht‘cp arc commonly flock roalc<l, and the number of services per 
pregnancy is therefore diflicnU to avrertain. Fertility is usually cxp^cs•‘^^l 
in 10011*5 of the number or percentage of lambs bom to each 100 ewes in 
one hreisVmg K':v>on. Brcetl differrnces, plane of nutrition, and general 
mnnagetnenl pr:ietic(*s imdoub(c<ily liuvc a great influence on the Jamb 
crop, t'nder fami-floek comlitions in Gnut Britain, luml) crops of 15 J 
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,nEEr>,.a o. 

per cent m flushed eu os and 1 10 'phimpH W39) >" *'«’ 

reported CNiohols, 1920) As reported bj 1 In conditions 

States the lamh crop of ‘'“f ^^^43 per cent In range floc^ 
reported as 104 per cent and 1, crop is 70 to 80 per ccr* 

,. .., .... 

terms rf the per cent of mares iihich foaled dunng 

Mares are frequently mated more ‘^nn none dumg ^ 

and a large per cent are bred dunng ^ ‘ _ces nhieh resulted m the 

before they conceive If the per cent y to cvtremely 

birth of hvmg foals nas determined, the efficiency 

’“Data gathered dunng a 0-jear penod on the p^ crot of the 

^90 stalhons and 28,241 Clydesdale “’'°'''ce„“ot 3,W Thoroush- 
mares foaled Dunng a Ihyear penod 42 » „„ cla® «' 

bred mares bred to 43 stallions foaled (Robinson, 1920 ^ j„ 

animal is knonledge and shiU of more importance *an m f„m the 
the authors’ expenenco the foal crop can usually management 

60 per cent level to 70 to 75 per cent by '’""'^‘ftreeding « of 

(Andrews and McKenrie 1941) In areas where home ^ 

importance, as in the Thoroughbred-producing regions it n^ ^„es 

filble to produce living foals from as many as 80 per cen 


The Influence of Age on Reproductive Efficiency. rate 


bred each year 


on KeprooucuvB , 5 ^th ra^: 

accurately measured and is usually closely correlated ^le^{ 

and sexual development it is not surprising that many pra 
thumb recommendations in regard to age and time of breeni b 
developed At least two important points should be co^ 
livestock breeder m the apphcation of such ’^ecommendatio ^ 
mats must be regarded as individuals Animals of 
differ wadely in weight and degree of development and 
readiness for conception A second problem for <jg over ^ 

sexual maturity, or puberty, is not a single point but 
considerable penod of time, depending on the species that 

other factors In the human, for example, Mills (1939) es 
there is a lag of about 6 5 years between the onset of the me 
establishment of pregnancy in mamed Filipino girls In ra 
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cl al, (1940) reported that the age at puberty in the female is about 05 
days but the normal age for breeding is about 100 days. Even when 
breeding in rats is delayed until 100 days, however, there is a time lapse 
of 11.7 days between opportunity of mating and the establishment of 
pregnancy (Asdell cl a?., 1941). 

The problem of age and breeding efficiency has been widely investigated 
in cattle and to a lesser extent in swine and sheep. One of the earliest 
investigations of this problem was begun by Mumford at the JMissouii 
Experiment Station with swine in 1909. Sows bred at 218 days of age 
farrowed 8.C8 pigs per litter, and reached a mature weight of 415 lb. 
Females bred at 479 days farrowed 8.30 pigs per litter and reached a 
mature weight of 401 lb., whereas those not mated until 838 days farrowed 
only 5.G2 pigs per litter and reached a mature weight of 384 lb. The 
rate of growth of the early-bred gilts was lowered, presumably because of 
the drain of lactation, but the growing period Avas lengthened (McKenzie, 
1928). A more recent study by Stewart (1945) showed that litter size 
increased with the age of the gilt from 9 months until 15 months but did 
not increase beyond tliis point. Under practical conditions swine are 
usually bred to farrow when from 12 to 14 months of age. 

There is not complete agreement as to the influence of age on the 
fertility of dairy cattle, probably due to differences in cattle-management 
practices thiough the years and in different areas of the country, and 
in types of cattle observed. There is fairly general agreement that the 
breeding efficiency of heifers is lower than that of cows calving more than 
once and that fertility declines in animals more than 9 or 10 years old. 
A study at Cornell University involving 41 bulls and over 12,000 services 
to Holstein cows showed that the averaijp breeding, efficlctLcy of all nows, 
artificially inseminated Avas 48.2 per cent. It Avas maximum (50.G per 
cent) in coaa's 4 to 6 years of age and minimum in coaa^s 1 to 3 years of age 
or more than 10 years (40.5 per cent in both groups). In the bull, the 
only outstandingly high figure Avas 5G.1 per cent breeding efficiency in the 
2-year-old group and an a\'erage of 48.2 per cent in bulls ranging from 1 
to 12 years of age (Tanabe and Salisbury, 194G). A study of breeding 
efficiency in the Unh’ersity of Nebraska herd betAV'een 1896 and 1934 
shoved that coavs under 2 years of age Avere less fertile than coaa's from 2 
to 10 years old and bulls under 2 years of age had the highest breeding 
efficiency (Morgan and Davis, 1938). A summary of the fertility of 
dairj’ bulls in the Purdue herd betAA'cen 1920 and 1940 shoAved that bulls 
from 21 to 33 months of ago had the highest efficiency (73.4 per cent), 
but a small number ot 10- to 12-year-old bulls still had a breeding cfli- 
cicncy of 04 per cent. The data on older hulls are often biased becau.so of 
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ifFWAC A,SC niPKOXfVFW Of I ARV /IV/'MM 

a temlcncj to climraalc older nnim ils for mnnj "g ciricicncj 

fertd>t> and to rctam some bulls of knoun louered breeding 
but of outstanding blood lines of beet cattle arc 

It appears that tlio elTects of ngo on the fcrllli 5 Hcretonl 

rather similar to tliose of d „„ cattle A studj of » artificial 

cittle on the San Carlos Indian Ueserantion ani- 

msemination ivxs used 2J7 inseminaUons per calf ^ <,atllc 

mals 2 to 3 jeara old and only 1 30 inseminations per „„ ,he 

S to 6 jears of age Fertility nppenreil to decline graduallj 
sL\th j ear (Laslcy and Bogart, 1043) * until their 

Sheep arc seasonal breeders and arc ordmanlj no grown 

second breeding season at 18 to 21 months of age “ imnortancc 

out bj this lime, and the age factor is of rclnti\cl> i i ,_,ng their 
Hokkever, Bnggs (193G) bhowed that cue hmbs maj be grew 

first breeding season when about 9 montlis of age duc i ^pached 
more slowl> than those bred at their second breeding - rate 

the same ultimate site In general, there is an increase m 
up to 3 to 0 years and a decline m lamb crop after this time 
and Tcrnll, 1937) It bos been sliowm tbat lambs and >eani ^ 
shorter cstrual periods and a lower oaailation rate than ma _ the 

In, the mare, breeding cnicicnc> is lowest in 
breeding herd for the first lime and m mares bred at foal nea 
which are well grown out can hebtc<l at 2 jears of age, but mos 
are 30 to 36 months of age before being placed in the bre > 
(Andrews and McKenzie, 1941) . yentlj 

Failure of females to reach their cspectcd mature size 
attnbuted to the premature establishment of pregnancy 
18 imanably given as an explanation for the lack of size of a pa 
individual m a herd The data which are axailable for farm a 
indicate that lactation places greater demands upon an 
pregnancy If pregnant and laetating animals arc properly ' ^tb 
ultimate size appears to be unaffected, e\ en though the rate o . ^ jq 
may be reduced This general problem has been extensix ely stu 
rats at Cornell University, and although there arc certain 
interpreting rat data m terms of farm ammals, the results are 
siderable interest 

It has been shown (1) that castrated female rats grew faster 
or virgm rats, (2) that rats bred at normal age and their joung 
immediately so that they were pr^nant most of the time but not la 
grew more rapidly and for a much longer time than virgins or those 
early or late, (3) that early bred and laetating females were 
retarded m growth due to lactation but that they eventually reach 
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same adult size as those bred later; (4) rats bred at normal age (about 
100 days and somewhat aftci puberty) grew most tapiclly next to the 
castrates and those bred at normal age with young hilled, and eventually 
reached the greatest weight; (5) that rats bred late were retarded in 
growth and did not reach the weights attained by castrates, those bred 
early, or at the normal time; (6) that virgin rats were most retarded in 
gro^vth and attained the smallest size at maturity (Bogart ei al., 1940). 

From the standpoint of reproductive efficiency it appears that early 
and regular reproduction is a stimulus to reproduction. Rats which were 
never bred showed irregularities and cessation of estrual cycles earlier 
than any of the mated groups. It was suggested that breeding promotes 
a greater harmony between the gonads and’ the other endocrine glands 
(Asdell et al., 1941). 

Relation of Breeding and Time of Ovulation. — As previously stressed, 
the chief objective of the livestock breeder is to time the breeding act in 
such a way that laige numbers of viable spermatozoa will bo present in 
the female genitalia at the time of ovulation. Such planned mating 
should be regarded as essential in the mare, since breeding within the 
first few hours of heat is almost certain to result in a sterile mating. At 
the other extreme is the chicken; in this species one natural or artificial 
insemination results in approximately 90 per cent fertility for an entire 
week. > . - . 

In order that breeding and ovulation may be timed; it is assumed that 
the oxailation time of the species is known. In sheep thd problem appears 
to be less acute than in the other farm animals. The heat period is 
relatively short, ovulation occurs near the end of estrus, and rams running 
with ewes usually mate more than once during heat: 

Trimbcrger and Davis (1943) have showm that in dairy-cattle, bree'ding 
at the start of estrus results in much lower efficiency than at the tniddle 
of heat and that if insemination is carried out 12 hours or more after'the 
end of heat, the conception rate is low. The fact that some cows con- 
ceived when bred as late as 30 hours after the end of heat probably 
indicated that these animals oxudated later than the average cow. 

Practical recommendations for the various species xvill be made in a 
subsequent section. 

BREEDING MANAGEMENT OF THE MALE 

Service for Immature Males.— Altliougli many studies have been made 
of tl.o testicular development of males of various species, and the infliicnco 
of sucli factors as ago, nutrition, and season upon semen (luality, littlo 
rclndilo information is irvailablo ns to the optimum rate of'uso of males 
dimng tlio tmnsitional period from puberty until somatic maturity l.as 
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Tadie 12— BRvuiNn Hjsuith is IruAtis Bun. jumTrlURO* 

Stapes o> rsTRUs Asn »«>" MmnciA. . v -s Tm^U;^ 


Time of prrMcc 


\mnl)or of 
town bred 


Start of estrus 
Middle of calms 

Bred at mid llo of catrus and rel.ml in 21 hours 

Lnd of calms 

Artificial routine brccduiR 

C hours after cstma ended 

12 hours after cstms ended 

18 hours after cstms ended 

24 bears after cstms ended 

30 hours after cstms ended 

48 hours after cstma ended 




11 

10 

33 

25 

21 

40 

30 

lot 

123 

40 

25 

25 

8 

25 

7 

25 

3 

25 

2 

2j 



44 00 
82 50 
84 00 
75 00 
C3 40 
02 50 
33 00 
28 00 
12 00 
8 00 
0 00 
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been re-vebed The dtta which arc a\ailal>lc seem to siidRCs 
ram and bull, epecica clnractcnzcd b> rcliti\cl> small semen no 
high sperm concentration, can be used rclaU\el> frequent y 
evidence of permanent damage to reproductive performance ^ 
stallion and boar, species cliaractcnzcd by large semen \ olumc a 
sperm concentration, frequent use is followed by ca-silj recognize 
tenous changes in semen quality In the absence of clcar-cu 
mental evidence the authors draw on their own experience an 
practical livestock breeders m order that some concrete suggestions 
be made To err is human, and in this case the w nters have attem 
to recommend conservatively 

As previously stressed there con be no substitute for the unders 
of each sires individual capabilities In the farm animals jjj 

produced m limited numbers long liefore skeletal and muscular gr 
are completed It stands to reason that a certain degree of size m 
attained before copulation can be performed w ith phj sical safetj 
breeding habits of males should be esfa&ftsAed not allow ed to dev e P 
a hib-or-miss fashion The frustration of immature males in unsuc 
fully attempting to serve animals which are too large which are imp 
erly restrained or in an unsuitable location may have a lasting cile 
the mental attitude of the sire Males which fall because of 
footing or receive head injunes because of use in low-ceihnged barns 
be both physically and psychologically injured The first practica ^ ^ 
gestion then is that no male be used for service unless he is mated wi 
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physically suited female Second, the sire must exhibit sufficient sex 
dine to complete the sexual act Some males develop slouly in this 
respect, and others are apt to be restrained in the presence of man 
Impatience and punishment at this time liaie no place in the intelligent 
breeding program It is oui opinion that care in the establishment of 
good breeding habits is just as important as the initiation of a heifer to 
the milking parlor or the high-strung Thoroughbred to the saddle 

If a sire is -walling and able to give sen ice, if these abilities are main- 
tained follo-wing such use, and if the percentage of females ^vhlch conceive 
IS approximately the average breeding efficiency of the species, it -w ould 
seem as though the male "w ere being w isely used 

Bulls — Widespread experience in artificial breeding associations indi- 
cates that the average mature bull can be used at weekly intervals prac- 
tically indefinitely -without affecting semen quality In most cases two 
successive ejaculations are obtained at each weekly collection peiiod 
During the early use of artificial insemination some bulls remained m 
useful service -when ejaculated on alternate days or even every day, but 
such rate of service is now considered undesirable XJndei natural bleed- 
ing conditions a well-developed yearling bull can be expected to sei*ve 
at least 25 cows between his first and second years It would seem wise 
to distribute these services thioughout the year, or at least not to concen- 
trate several services per week mto a short breeding season Evidences 
of a decline in sex dn\e or loss of iveight should be consideied warmng 
that the system of management is unsatisfactory In view of the data 
showing that maximum fertility is usually attained at two years of age 
in bulls, it seems logical to expect ammals to be capable of natural service 
at least once a week after this time It is well knowm that bulls can bo 
used tw 0 or three times daily w ithout affecting fertility if they are allow ed 
seicral dajs of se-xual rest afterwird Many laboratory tests of the 
effects of repeated ejaculation on semen quality have been made In one 
such test 24 ejaculations were obtained dunng a 27-hour penod The 
concentration of sperm remained constant until the fifteenth mating, 
after which it fell sharplj However, after an 18 hour rest sperm con- 
centration rose to a high Ici el again (Anderson, 1945) Many bulls ha\ e 
been ejaculated at intervals of 3 or 4 days for penods of a year with no 
observed harmful effects Other bulls, which ha\ e gn en excellent results 
when used in natural senicc in small herds, have proven worthless when 
attempts ha\e been made to collect at weekly intervals for artificial 
insemination 

Rams — Under practical conditions, ram lambs are not ordmarib used 
until thej arc about ughtocn months of age How cv er, lambs arc capable 
of limited service during their first fall when about nine months old 
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WTicn U .0 carhost possiMo progonj telling i? “J ’ 1 "'“^ j^r'h 
S.tudie'i 1 limited mimticr ot fcmnlcs cm lie mil ending tlio M 

Biicli eases artiricnl insemination has tlio iidl antage o 
ot young sires far beyond their natlir il cap ibilities 
It has been found a cry dliricuU to cahaust the sperm 
rams In one caliaust.on test a particular ram „,,lion sperm 

ejaculations nitliin a 9 hour perioil still cjncillntcd '<>0 ^ 

(Anderson 1945) Studies at the Missouri St ition sho 
are iiido individual dlfTcrcncca in the semen P '« ,,,0 sperm 
complete sperm exhaustion is ditTiciiU to olit iin, and la ixTsKcnne 
are depleted, a short rest pencil is siiiricicnt for ’’f , e-uU be 

and Berliner, 1937) At tiio and one-half y cars of ago a Uy 

capable of serving 40 or SO females, and older rams la^ ,jy 

produced satisfactory results when mated Mith SO or 9 r\ studies 

Boars —There appears to be a discrepancy betw cen by 

on semen production of the boar and the breeding prac tgjj 

successful swine producers McKcntio cf of ( 1038 ) showc .pimnc 

boars A\ero ejaculated at intervals of 24 hours or less semen 
sperm concentration and total numbers, and duration of 
all declined Two of three boars used at 12-hour intervals c P . 
refused to mate after three or four services Russian ce jq 

that boars should not be used more than tw ice, and preferab j j^gper 
24 hours Yearling boars, it was reported should not be us /^pjer 
than every other day if they arc to bo used for as long as 2 w cc v 
son 1945) An Indiana survey by Smith (1937) showed t a 
breeders were agreed that mature boars can servo two or 
three sows daily Nearly all the producers questioned 
yearling boars could be used as frequently as older males without a 
breeding efficiency Personal questioning of successful swine 
by the author during the past 5 years has revealed that as many 
or five sows have been bred to one boar on a particular day 


affecting fertility or litter size ^be 

It is felt that some reservations need to be made in regard 
frequency of use of boars The incidence of 10 to 20 per cent o 
pregnant sows in otherwise successful swme herds and the frequ ^ 
occurrence of litters of two to four pigs cannot but raise the ques lo 
to the role of the boar in this problem Current studies at the In > 
Illinois Missouri and Wisconsin stations have shown that many 
which failed to conceive following repeated services on farms 
become pregnant on the first service when taken to the experi® ^ 
stations mentioned It cannot be concluded at present that * 
attributable to the boar but it does suggest that the optimum use 



REPRODUCTIVE EFFICIENCY 


183 


boars may fall somewhere between the recommendations of the research 
worker and the swine producer. 

Stallions. — There are wide individual and breed differences between 
stallions in age at sexual maturity and in sexual capacity. In general, 
stallions should not be used until they are two years of age, and one 
service per week during the breeding season is usually not excessive. 
Stallions three or more years of age can be used more heavily. Here 
.again, there is a difference of opinion in the optimum rate of use. It 
seems evident, on the basis of experience, that stallions can occasionally 
give up to four or five services per day, provided sexual rest is given 
after such use. In the authors’ e,xperience, mature stallions can be 




Tia. GO — Exercising paddocks for bulla at the University of Massachusetts. It is essential 
that old bulls secure sufficient exercise 

expected to give six or seven services per week during a breeding season 
of 45 days witliout afTccting breeding efficiency. Other w’orkers have 
found that some stallions can bo used twice daily for extended periods 
without harmful effects (Anderson, 1945), 

General Management of Males. — Because the maintenance of maxi- 
mum breeding efficiency of the male, from a purely physiological stand- 
point, to say nothing of his influence from a genetic standpoint, can and 
docs contribute so much to the economic welfare of his owner, it would 
seem that the question merits a lot more attention than it often gets. 
Iho male is often kept in that part of the barn that does not lend itself 
to any other use or in some place on the farm where ho will not Interfere 
with other live-stock ojicrations. This location may vary, in the ca.so 
of the bull, from a stanchion at the end of the bam, an ubninloned 
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horse stall or a muddy tnaijBlo 

too frequently recoue the .'“Erccn feed 

oter and hate no acccs.s to pasture or an} so (or repro- 

We uill subsoqucntl} discus) the ^ rations for mate 

duotion hut Mill make no ^‘^‘■‘>'""'7'““™ °„„^od„c suRRests that the 
By May of summary, our present Motion do not eaceed 

quantitative and qualitatn o requirements tor "^"“^.otonanee of older 
?hose for the groiith of joung animals or ^ the ration 

animals m a state of good liealUi It should f ' ’“7“ „erals and 
should contain a balance of carbohydrates, eUsses 

should supply the yitamina knoiin to bo essential f be 

of livestock The value of good pasture for 'P'''"* " ?, “ii alloii ed to run 
oieremphasired It is all too true that the “"the aaluaWo 

iiith the herd is often more tortunato in I'l'ycsp ,^„,ai for 

purebred sire confined to a small exercise lot . - ^ may, 'O 

many years that fat sires are often sexually indiff ^ ^ tncss 

addiLn bo of loiiercd fertility It is still not function 

IS the cause of loiiorcd fertility or o there seema 

results m increased fat deposition Beardless o > finish in breedmS 

little to be gamed by the maintenance of a liiRh degree of f ^ 

animals and much to bo lost The degree of fatness is, m 
due to feeding and management practices Confinement 
close quarters and the liberal use of carbohydrates is al „,ay 

result m fat deposition The occurrence of obesity , „p,„,on 

sometimes be of endocrine ongin but tho consensus of , oe can 

IS that the chief cause is overeating In the case of farm a 
frequently attrihuto it to overfeeding h t" 

The rapid development of artificial insemination has turbance® 
focus our attention on tho nature and causes of 'oproduotrve ,ncreaso 
Numerous attempts have been made to develop rations M hich on 
semen production and improve semen quality As Mlth 

jt still appears that there are no special nutnents concerne 
fertility Carbohydrate and fat deficiencies are extremely 
occur in farm ammals The amount and quality of 
breeding males is still controversial It has been reported _ 
protein intakes are both helpful and detnmental m bulls ° ^ 
Branton et al (1947) have shown little difference in the fertility ^ 
receiving 12 16 and 20 per cent total protein It has been repo 6 ^ 
sources of ammal protein such ^ skim milk fish meal and jjbl® 

improve fertility Cornell experiments m iihich bulls i\ ere fed 

nutrient levels of 100 120 and 140 per cent of the Momson 
maintenance requirements showed no difference in fertility (Itei 
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It is possible that specific nutrients or liormonos or other chemical sub- 
stances may eventually be found which will increase fertility beyond 
present levels, but until such substances are known, the emphasis should 
be on good feeding and management rather than on patented nostrums. 

The exercise requiieroonts of breeding animals is a favoiite but contro- 
versial subject of livestock men. There is little disagreement that breed- 
ing males should be active, willing, and able to perform service quickly. 
The fat, sluggish male that will not perform service is a trial to even the 
most phlegmatic oiiner. The maintenance of animals in the desired 
state is most easily accomplished by providing laige paddocks vhicli 
contain good forage. In this way the animal receives valuable nutrients 







rio 01 — A method for exercising hulls in use at experimental farm, Bcltsville, Md 
(Courteau of Bureau of Dairy Induatriea, U S Department of AgricuUure ) 


and is provided an opportunity to cxerci&e at A\ill. Most animals can 
icgulnto their exercise needs The amount necessary for one may bo 
quite uusuited to another. A prominent and youthful university presi- 
dent luis been quoted to the effect that whenever ho feels the urge to 
exercise ho lies doum until it wears off. One of the most valuable results 
of a Buitaldc paddock is the beneficial effect "which it has on tho health of 
the feet and legs. Animals which arc confined in close, damp quarters 
may develop foot rot, overgrown hooves, and joint disturbances. It is 
tragic to obscia'c a x'aluublo and prepotent sire wliich cannot perform 
honico because of feet and leg damage. 

^ Numerous methods of forced cxcrciso liavo been employed. There is 
little dou\)l that stallions arc mmntninc<l in better general health and arc 
more tractable when they perfonn Tegular w ork. This cun bo overdone. 
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Stallions hive Bomctimcs been gnen so much V\hcn 

to restore fertility that thoj hat o ten f „,1 hute 

large hull studs Mere first established for amount of 

regardless of ago, condition or hreerl. Mere giic 

csercise dailj It "as soon obseracrl Hud 1"™“' the 

undesirable as "cll as bcncricial effects Tlicro , j There 

recognition of mdilidual renuircmenta b> an j^ates only to 

seems little Misdom in feeding large arnoun s of carb J 1 
later Malk them off on a treulmill, "hen the animal couKl 
maintained m a fit condition by judicious feeding 

Iiot a great deal is non knonn about equine, bonne, ovm 

psjehologj We have knoiin tor some tune ‘ “t f„,loaed 

not mate rcadilj , that mov mg sires to nen locations ^ ^t 

bj long or short periods of sterility The undcrlj mg station 

Mell understood, but tlioj merit careful thought and P ,a 

We haao long knoiin that males not trained to use a hr 
early life are often taught aiitti great difTiculty if at all, 1 
Non, m artificial inseminating "ork, mo are "'"’’’"1, ’ . ^ds close 

same problem ot males refusing to servo nhilo an are 

by "ith an artificial vagina ready tor use Our highly ^ 

rather delicately balanced organisms from a nenous ’ jent 

have much to learn along these lines before "o can get luu p 
service (in the general sense ot that term) from them made 

Our males generally serve eagerly nlicn young it conditions 
suitable Our task is to retain that quality in them as long as 
to use them We knoM too contrary to some rather evtonsii 
that genetically a male will transmit the same at any age one o 
—that the genes do not change with age, experience, production, 
other extraneous influences 


itner exxraneous iiuiutrinjiss 

Males should be purchased subject to their ability, be 

success m impregnating sound Iiealthy females It would pro 

uise also before laying down a good pnee for a breeding male o 

vetennarian examine his semen because what we are really m 

we purchase a male is semen contaimng viable germ cells and 
turn contain we hope the genes that will bnng about tell 

our herd or flock For some types of genital diseases the only ^ 

if a male is diseased is through using him Preferably a male ® ° ^ 

bred to a limited number of females and then held out of service 
few weeks to see if gestation is proceeding normally a 

Besides making the external conditions conducive to the succes^^ 
young male s first service stnet attention should also be given 
internal conditions of the female genital tract If, as should alway 
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the case, the young male has come from healthy parents, has grown up 
in a clean environment, and has been furnished suitable feed, he should 
reach puberty strong and uninfected. If this is true, one cannot be too 
careful in guarding hiTn against infection. The male should be examined 
by a competent veterinarian and, if judged sound, he is ready for service. 
He should be allowed to serve only healthy females. The pernicious 
practice of allowing healthy young males to serve females that have been 
unable to conceive from one or several previous services cannot be con- 
demned too severely, though it is often practiced, even when the female 
has a purulent discharge. Infection is all too prevalent and must be 
guarded against continually. A clean herd can be had if due care is 
exercised, and, when this end is once attained, its health should be 
guarded cUUgently in every detail. 

Over a period of years your sires nail make or break you, so select them 
intelligently and treat them understandingly. 

BREEDING MANAGEMENT OF FEMALES 
There is no single plan of breeding management for the various species 
of farm animals nor is there only one satisfactory system for each class of 
animals. In a nation as large and as diverse as the United States, to say 
nothing of conditions in other parts of the world, local conditions must bo 
given primary consideration. The needs and the conditions of the pro- 
fessional dairymen supplying fluid milk for the New York City market 
are entirely different from those of the beef producer in eastern Montana. 
Calves dropped in January in a New York State bam have an excellent 
chance of survival, whereas in the northern range states calving must bo 
confined to the spring months. For similarly good reasons, hand vs. 
herd or flock mating, artificial vs. natural service, lard type ws. bacon 
type, wool vs. mutton breeds are all questions which must be settled on 
their merits. 

Cattle Problems. — ^Most cows come in heat at regular intervals 
throughout the entire year, but evidences of the seasonal breeding habits 
of primitive cattle still persist. In the larger dairy herds which are 
engaged in the production of milk for fluid consumption, breeding opera- 
tions arc oidinarily distributed throughout the year. In less intensive 
dairy ureas and in the beef herds of the Western range states the breed- 
ing season is usually limited to the late spring and early summer months. 

The avemge length of the entire c.stnial cycle is 19 to 20 daj's, and licat 
itself xihiuilly lasts 1C to 20 hours. In most cows ovailation occtirs from 
10 to 18 hours after the end of heat. An understanding of the estnml 
cvcle of ciich cow is necessary if maximum breeding efficiency is to be 
attained. 
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men heat is first ohsersed m the morning in 

service be guen during the afternoon of tlie same daj smeo ^ 
about the middle of the heat period h^ been ® ,t is 

results When it is knoii n that estrua h us begun m the t 
desirable to breed dunng the late ea eninfc since J a 

heat the neat daj In such cons if heat persi ts the fotoimg^^ 
second service on the second daj maj increase the co P postestnial 
The fact that cattle o\ illatc folloiiing the end of ^ „„ ,s 

insemination possible This has led some herdsmen _ 

can be inseminated at anj time aiithout rcspec o ica 
impression can hav o adi erso cflccta on breeding cmcicncy , gf 
tion IS earned out 6 hours after the end o ica ccr^ice at 

pregnancy arc fairlj good although not so good as ° 
mid estnis Under practical farm conditions there is no i g 
by two services in quick succession Tlicre is ^ay he 

wth exceptionally long heat penods or those in ^\hlch ovti ^ 
delayed may benefit from two serMCca at difTcrcnt times -vnrtly 
Natural service at mid-cstrus followed by artificial mscmina 
after the end of heat may be helpful - 

There are a few reproductive charactenstics of cattle whicn ai 
those of other animals Cows have shorter heat penods -^ttle 

farm animals It is easy therefore to fail to detect heat js a 

appear to miss heat penods and have cycles of 38 to 42 da>8 
good chance that a heat penod has occurred without jj^at 

importance of a system of regular observation and recording o 
penods cannot be overemphasized The fact that cattle ovu a ® 
heat has ended also puls them in a separate class Ob\nouslyno a 
ovulate at the same time with respect to the termination o 
Abnormal ovulation time may cause infertility m otherw ise 
As suggested breeding more than once may be helpful in such ^ 

When unusual ovanan actiMty is suspected a specially trained x e e 
lan can verify it by rectal examination g 

The interval between calvmg and the first heat penod and its 
cance should be understood Beef cattle usually come in heat so^ ^ 
than dairy cattle The average interval for all cattle is from 40 
days but may vary from 6 days to 6 months or longer WTien 
penods have not been resumed Avithm 80 or 90 days an examination 
determine the cause should be made The manual removal of the corp 
luteum if this is the case can be easily accomplished , ^ 

Cattle are subject to several reproductive disturbances The 
martin condition is more or less unique in cattle 90 per cent of the he ^ 
bom tivin to a bull are stenle For this reason but not the only o 
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twinning is n.ot a desirable trait in. cattle. Tiie occurrence of nympho- 
mania and cystic ovary is more common in cows than in other animals, 
although it does occur in mares. Cattle have a higher incidence of 
genital diseases than other farm animals. Brucellosis is a national 
problem, and trichomoniasis and infectious vaginitis can be troublesome 
when established. The occurrence of abortion or any abnormal genital 
discharge should be investigated at once. 

Swine Problems. — Sows do come in heat throughout the year and 
there appear to be no seasonal limitations to fertility. However, when 
sows farrow at all months and pigs of all ages are present on individual 
farms, there are certain swine-disease problems which must be overcome. 
Sanitation must be given close attention and infectious diseases, such 
as hog cholera, dysentery, and gastroenteritis, must be guarded against. 

In the corn belt, sows are usually bred to farrow twice a year, in the 
spring and fall. In areas where the one-litter system is practiced, most 
sows are bred for spring farrowing. 

The average length of heat is 2 or 3 days, and sows usually have longer 
heat periods than gilts. However, heat may vary from 1 to 6 days, and 
it is desirable to know its onset and termination by trying the sows daily. 
The total length of the estrual cycle is about 21 days. 

It has been commonly believed that ovulation usually occurs on the 
second day of heat. However, there is much to be kno^vn about the 
time of ovulation as well as its pattern, whether most of the ova are shod 
during a short interval, and what the range between the first and last 
ova is. The best information which is available seems to indicate that 
sows ovulate during the second day of heat. We have recommended, 
therefore, that gilts be bred early during the second day of heat and 
sows sometime during the second day. Here again, practical swine 
breeders have some difference of opinion as to breeding time, and many 
report that sow’s can be mated at any time during heat mth equal success. 
As mentioned previously, the fact that s\rine have a much lower breeding 
efficiency than has been thought should be good reason for more care in 
breeding management. The occasional female that stays in heat only 
one daj' should obviously be mated early during that day. The sow 
which stays in heat three or four days Avill undoubtedly benefit from 
scr\’icc on both the second and third daj's. Wlicn a gilt and a sow arc to 
he bred to the same boar, and both come in heat at the same time, it 
would seem logical to breed the gilt on the morning of the second day 
and the sow during the afternoon. If it can be avoided, the boar should 
not be us(k 1 for fcucce.s.sivc services only a few minutes apart. 

It is well known that some sows come in heat a few days after farrowing, 
but are seldom mated at this time. The next heat period ordinarily 
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does not occur until 3 or 4 days the pigs and if 

sous ivhich have small litters may exhibit '' resume estnial 

the pigs are not ueaned at the usual time null eventually resum 

^There has been some practical interest in the “gtation 

nancy in lactatmg sous Experiments hy Robeson ^e 
m 1918 shoued that the separation of the P'Bf * ,„ducebeat 

nights but lotting them run together during the day g ,ection 

A more recent study hy Cole and Hughes *ou ed thaUhe J 

of 1 000 I U of equine gonadotropin between the thirty method 

eighth dajs of lactation would induce heat m 3 to 7 days 
has practical applications especially m causing animals w ^ 

to come m heat and thus concentrate the next farrowing seaso 
shorter penod of time , , ggj golu 

Among the more important smne-hreedmg probleiM w m 
tion are the embryonic and fetal death losses and the ^6 . jgast 

natal deaths The most conservatne estimates J^'dicate tna 
6 to 20 per cent of the fertilized ova fail to develop and *na ^ 

cent of the newborn pigs die within the first week of Me dangers 

the only specific gemtal disease of swine which is wndesprea genons 

to man and the economic losses which it causes in sw me make i 
threat to the smne industry It can best be guarded 
introduction of only tested stock from herds of known disease s 
Sheep Problems — Sheep are peculiar m that they have as > e 
fully resisted man s attempts to eliminate the seasonal j^^yar) 

Most breeds of mutton sheep exhibit (»trus from August through a 
In the Midw est maximum fertihtj is usually attained dunng ® a 
temher and Hampshires and RambouiHets tend to become 
little sooner than Shropshires and Southdowns In areas w er 
house lamb production is practiced Dorset X Menno ewes a\ 
popular because of their tendency to exhibit estrus dunng the su 
Breeding practices in the range states vary wnth local conditions 
the Southwest and coast states ewes are frequently bred to ^ 
lambs from January thxou^ March In colder areas pnlj 

lambed m Maj It is apparent that the breeding time is limited no 
by the seasonal patterns of the sheep themselves but by economic 
geographic considerations sheep 

The desirabihtj of twins may depend upon the nature of the 
project Single lambs are usually larger and grow more rapid J 
twins whereas twins which sur\i\e produce more lamb meat P^^ i. 
Because of differences m > igor many range producers prefer single ^ 

As will be discussed whether or not flushing affects the size o 
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lamb crop, there are no disadvantages to improving the nutritional status 
of ewes prior to breeding. Excess fatness prior to lambing is to be 
avoided, but the ewes must be fed a well-balanced ration if pregnancy 
disease is to be avoided. 

Ewes remain in heat about 30 hours and ovulate shortly before the end 
of heat. When hand mating is practiced, breeding during the latter part 
of heat is preferred. The majority of ewes are bred by rams running 
with the flock, and there is no doubt that this method produces entirely 
satisfactory results if the ram is of normal fertility. It is desirable that 
the wool in the tail region be clipped before breeding in order to facilitate 
mating. In farm flocks, painting the brisket of the ram with used motor 
oil to which a dye has been added will mark the ewes which are bred. 
In. this way a fairly accurate breeding record can be kept. Also, in farm 
flocks, the ramds sometimes turned in with the ewes for only a few hours 
daily. In tliis way his energies can be conserved, and he can be fed 
separately if he is losing weight. 

Genital diseases in sheep are rare, and there are few problems which 
cannot be overcome by the application of knowledge w'hich is already 
at hand. 

Horse Problems, — The decline in the use of the horse as a source of 
farm power has resulted in an almost complete lack of interest in horse 
breeding by farmers. At the present time specialized horse-breeding 
operations are carried on almost exclusively by the producers of saddle, 
running, and light-harness horses. 

Although well-fed marcs come in heat throughout the year, most mares 
are bred to foal in the spring. The relatively long heat period (4 to 6 
days) of the average mare and the relatively short life of stallion sperma- 
tozoa poses a problem of timing which is greater than in any other farm 
animal. 

The serious horse breeder will find it essential to try mares for the 
occurrence of estrus every day, or at least every other day, during breed- 
ing season, hlarcs which have been mated should bo tried frequently 
and not just at the twenty-first day after breeding. As previously 
explained, the average interval between heat periods is 14 to 10 days, 
and the reoccurrence of heat is often missed because of poor timing. 

The average mare ovulates 24 to 48 hours before the end of heat, but 
it is impossible to predict this in advance. It is therefore agreed that 
most marcs should be bred more than once during hcivt if the rate of 
conception is to he improved. Wc believe that the opthmnn system is 
the natural or artificial insemination of each marc daily, beginning on 
the second day of heat and continuing iintirhcat ends. Some succe.ssful 
breeders recommend breeding on the third, fourth, and fifth days of hciit, 
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and othnm breed erci, other daj b,»nmnf! ™ f 

If only one mating IS possible the fourth da} ^ bred 

When stallions traaclcd from fnnn to form condition it » 

once mthout rcspeet to the day of heat Under t ^„„eened 

not surpnsing that only 10 to 50 ^r cent of the f™ „„„ „f 

The chief problem in practical horse breeding bchcied tor 

haaing copulation and mulation coincide ^ 'as „„ He 

centunes that the best time to breed mares is during fo 
ninth day after foaling This concept is unsound not on y ^ 
mares do not ovulate on thin magic ninth day but bccau 
CMdenco that genital diseases may be spread by hreoding 
foahng It appears that nay el .11 m the foa may f„oas 

development vilien mares arc bred during foal heat Uala ir 
horsc-breedmg areas indicate that fewer marcs concci\e w 
foal heat than if mating la delajed until the fcccond catrus p 

parturition ^ , noiat^ 

Breeder and Vetennanan Relations —There nre three po pj. 

of Mew concerning the relations lictwccn breeders and \e ^ 

One of these is that the \otcnnanan should be called to ia*wt- 
e\ery departure from normalit> m ammah as regards ; ^ced 

dent) no matter how slight Tlie other extreme is that an exp 
herdsman can entirely dispense ■with the scrMCCS of \etcnnan 
diagnose and treat all health abnormalities in his herd or floe 
writers think that both extremes are wrong and that there is a 
ground somewhat xanable between mdiMduals which is better ^ 
concerned If a cow scratches her udder or steps on a teat or ^ 
cuts himself on a barbed wire fence an a\enue of infection is 
that may result harmfully or e\ en fatally If the damage 'l®I“*ouldhe 
to require surgery or sutunng by all means the \ etennanan 
called If it IS not the herdsman can dress the wound keep i 
and bring about heahng y ,t 

If an animal loses its appetite and becomes nervous and fe^ ^ 
may be due to a more or less tnvial dlgestl^ e upset or to cons ip 
Avhich a dose of salts or castor oil together wath more careful feeom 
a few days would correct It might on the other hand be the begi ^ 
of an acute case of colic or the onset of some fatal disease the ssuop 
of which are totally unknowm to the herdsman and in these latter c 
it would have been much better to secure the serv ices of the % etenna 
as soon as the trouble w as discovered 

Sometimes the male becomes a bit slow and imcertam m service 
the females do not conceive The herdsman ma> change the ra 
start to feed minerals or \ntamins or trj this or that panacea sugges 
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Nscll-mtentioned neighbors or fnends Perhaps the herdsman himself 
has had a bit of expenencc and training in m issaging ovaries, breaking 
out cysts, and so on Mans herdsmen nith training and experience can 
do these things and do them n ell Tor many others no amount of avail- 
able training or experience seems to suffice They just don’t haie the 
knack If you are in the first-mentioned class, you aie fortunate, and 
you probably also have the good sense to be on youi guard at all times 
and to call upon your veterinarian A\hen things look as though they are 
beyond your oum pouer to deal mth successfully If you are one who 
lacks the training, experience, or knack in handling such things you mil 
be veil advised to call on your veterinarian as soon as you notice some- 
thing abnormal And you mil be still better advised not to let neighbors 
or others probably no better fitted than yourself start prescribing for or 
“treating” your animals 

Llke^vlse, the time of parturition is a critical one for both mother and 
offspnng and again many herdsmen are capable of straightening up a 
fetus and of helping the dam to make a safe delivery Other herdsmen 
are more or less helpless at this time if things are not normal The same 
parallel might be pointed out regarding difficulties and abnormalities 
follomng parturition 

The vetennarian is all too often put in a bad bole to start with by 
being called only after a case has gotten really serious or by baaing not 
only the ongmal trouble to contend uith but also having to straighten 
out as best he can the bungling attempts of some not too intelligent 
animal nurse or raidvife Prom a purely selfish financial standpoint, 
overlong delay in securing the help of the vetennanan is generally 
“penny-mse and pound-foolish ” The first prerequisite for success in 
animal breeding is the general and the reproductive health of our animals 
The need for vetennary services is a variable thing on all farms and its 
need arises earlier under this owner or managei than it does under that 
one Probably eaery herd needs vetennary attention at times, and it 
IS for each man to determine his omi “-when ” The extent to which the 
o\\ ncr or herdsman can take care of the simpler health cases of his animals 
also aancs within rather wide limits, and each man must learn his own 
abilities and more cspeciallj his own limitations A good actcrinanan 
in anj case is an imaluablo help to herd health, and because this influ- 
tntes prodiictnitj and profits to such a largo extent the breeder, for 
lus ow n good, must studj the problem and use \ ctennary sen ices in such 
i manner as will return the grcitcst profit to him It ccrtamlj docs not 
pia to ho penurious in this field It certainly docs not paj to use 
“quacks” of anj descnption It ccrtunlj does not paj to remain 
ignorant of our owm cipahihtics and limitations to render aid to our 
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.ammals, and, finally, and most .mportant, ^ or fnj‘urcd S.m* 

long m goUmg needed mcd.c d care for „'f„cnd a go«J 

A good vetennanan is aljout the best and mos va ^ o has 

teedmg establishment can hare He merits fairer treatment 

often been his lot in the past l,vpqtock-breeding 

If a man is serving as herdsman or manager of ^ , ,4), the 

farm, he Mill do nell to arrive at a very definite ”®,tennary 

owner as to the procedure to ho followed regarding . jtennary 

service Are you as herdsman or manager expected to ^ppiy 
as well as animal-husbandry services? Tevv men are thorcugn y 
in both fields, and the lack of training is almost sure to s 
or later and usually with some cost to the owner Are J f ^ 
what medical sen ice you feel j on are fitted to, and arc y 
on whatever vetennanan you wish to whenever you thin y 
services? Are you to provide ammal-hushandry for? 

notify the owner whenever you think vetennary services , ^^saod 
Is a vetennanan to bo employed to make regular health cvam^in 
to be entirely responsible for both the general and gcnita 

1 J n__i >> 




Table 13- 

— REpnoDUCTivr Phenomena 



Age ftt 
puberty 
months 

Norm'll I 
breeding I 
season | 

Ago 

first 

bred 

Length 
of heat 
period 

Length 
of gos 
tation 
period, 
days 

Horses ^ 

10-12 1 

April July 

3 years 

5-6 days 

336 


4-S 

Any time 

1&-30 months 

16-20 hours 

281 

Sheep 

4-8 

September- 

December 

18 months 

30 hours 


Swine 

3-7 

December 
and June 

9 months 

2 3 days 



Rcbred 

after 

parturition 


24-30 

after foalm^ 


, 3-5 days aft^ 

weaning P'^ 


All these systems may work under certain circumstances bu 
vnW be much less loss and misunderstanding if a general 
adopted and followed If you are the owner of the animals, the 
as to health pohey is yours and should be made, and, when 
adhered to 

The situations referred to are largely of an emergency 
livestock men should also inform themselves m regard to the 
pre\ention, and control of diseases which affect the entire n 
industry Such communicable diseases as tuberculosis, brucellosiS) 
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cholera, mastitis, lioof-and-mo\ith disease, and several others are of 
national importance, and numerous local and national programs for the 
elimination of these diseases have heen developed. Purebred breeders, 
particularly, should familiarize themselves with the rules and regulations 
in regard to livestock sales, exhibitions, and interstate shipments. The 
local veterinarian, the state veterinarian, and The Bureau of Animal 
Industry are all concerned "with the preservation of our livestock in the 
best possible state of health, not only for economic livestock production 
but for the prevention of diseases of animals transmissible to man. 

In recent years, in both human and animal medicine, there has been 
increased emphasis on the prevention or early diagnosis of disease and 
disorders. It is obviously more satisfactory to prevent such disturbances 
than to cure them, and it is likewise easier to correct them in their early 
stages than after they have become well established. 

Many cattle breeders have adopted the practice of routine genital 
examinations of all breeding animals. The herd is usually visited at 
monthly intervals by a veterinarian who is especially trained for such 
work. Animals which have not resumed their estnial cycles at the 
expected time following calving are examined. The cause is often readily 
apparent and easily corrected, e.g., a persistent corpus luteum. Cows 
with irregular heat periods, animals which have been bred repeatedly but 
have failed to conceive, and those with any evidence of abnormalities are 
carefully examined. Cows which have been bred and which have not 
returned in heat arc examined to see if they are pregnant. All too often, 
animals which have not returned in heat are sold as nonbreeders only 
to be found gravid at the time of slaughter. The keeping of adequate 
records and the regular examination for pregnancy will eliminate such 
errors. In other cases, animals which have little or no likelihood of 
becoming pregnant are kept in herds in the hope that they will conceive. 
The elimination of such animals will save much time and expense. The 
detection of an infectious genital disease or other disturbances in their 
early stages may allow for easy correction and safeguard the other animals 
in the herd. 

Summary. — In tins chapter we have discussed the actual practice of 
breeding animals and have considered data on the breeding efficiency 
which can be expected in average disease-free animals. We have empha- 
sized the fact that breeding efficiency can usually be increased by the 
intelligent application of knowledge which is available, but we have 
likewise pointed out that more knowledge is needed and that there arc 
clilTcrcnces of opinion ns to the cITcctivcness of certain practices. As 
discussed in the following chapter, there arc luimorous recognizable causes 
of lowered fertility and sterility. In this chapter wo have tried to 
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account for tho d.ITcrcncc, in the ''‘‘y 

Spccicb dilTerenccb :md the effects of ngc h... c been considered 

above all, tho ln(ll^ iduivl charactcnstico of nmmnl the 

Rcproduct.rc efficiency can be mamliuncd on > 5 g,„g them 

selection, purchase, or sale of heaUby "lias not teen 

to the best of our ability and knonlci BC o W' i,,e,dea 

proved to the satisfaction of scientists, there is ‘ by events 

that the breeding performance of the mluU raa> probleins 

during embryonic or prepubertal development. 1 

of tho livestock breeder arc never ending nnd ' jois iiliicb 

but the soil, the crops the seasons, nnd the microorganisms 

mflucnce all living material 
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LOWERED FERmiTY AND STERILITY 


tlnn tht* 

man 


Tor thclirmlcr then, is no more itn|M>rt mt ,h a 

tcrt.htj ot hi- miinnK An.mnU ..re nm,>l> nitimil 
lias dom(»,licatO(l ami improard for tlm |mn>o-o K ^^,,1 

power, meal and/or mdL, meat and wool, miat ' ,lcpcnii™‘ 
meat klone, all thc-o nn dit.ea except powtr ami wool l-tmK 
onfertiblj , , rc..«w «rt' B>'non>nioii* 

It lacoramonlj Whet (xl tint fcrtdil} and prolificacj \\T,crca5 

and arc tlio exact oppoMtea of atcnlilj Thw ” . f„lurc tb= 

rimUt'j m a teclm.cal tem-e me-ina complclo feed 

Imcl o(/crli(dymv> xata from 1 to lOOper cinl ®' *' non 

and tlieltcr coala of prcRn mt animals arc lint liltm tP® .iticicncj ”• 
pregnmt tom dcs, anj rciluction m ftttdit> at do not 

Iwcsloek production llrctdinK nnim ds of the meat claw 

boar jounK anmullj ire tleirlj liabilities dimnE ^ maS 
c-^ttle tint foil toconccucwitlimS to 1 months follossinR 
regarded ns deficient not onl> m terms of olT^-pring but m ma 
production as ucll The question of frrliht> is iwcond to p ,t3 

ing An animal s indu uUnl mint nnd gtnclic prepotenej ^ 

good qualities on its offijpring arc without ^aluc if such anima 

or no offspring reoroduf® 

Definitions — I crtihfy denotes the abihlj of an nnima , niay 
its kind In animals charactenzoU by t>c\iml reproduction e 
be limited b> either sex Tlic mating of a highl> fertile 
infertile female Ins the same result as the mating of two sten ^ 

Any animal w Inch has the ability to cause prcgnanc> or to beco 
nant is technically a fertile individual It is of great ^ . ^\11 

the livestock breeder recognize that there arc all degrees of fe • 
too frequently herd sires are purdiascd with a guarantee o 
Many such animals produce a few offspring thus leaving the 
no recourse against the seller but their degree of fertility is so 
they are economic liabilities as herd sires • a rh ao' 

Sterility may be defined as complete reproducti\ e failure ^3 

mals are easily recognized It is frequently stated that a stc 
far less expensive than one of lowered fertility This is true bee 
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failme to cause any conceptions is soon appaient and must be dealt with 
at once. The sire which settles an occasional female is often continued 
in seia-icB in the hope that he will soon improve. Such optimism may 
disrupt the entire breeding program and cause considerable financial loss. 

Fecundity, meaning fertility or prolificacy in a general sense, comes 
from the same root as fetus, and for this reason its use is more or less 
restricted to females. 

Prolificacy implies especially frequent or especially large numbers of 
offspring and is also more or less restricted in its application to the female. 
In all the higher species the production of young is contingent upon the 



Iia 62 cow. Silken Lady's Ruby of r , 010141, ovtncd by estate of J IV Coppini, 
1 erndale, Calif In Scptcml>cr of 1040 this cow was nineteen years und four months old 
and had produced 181,977 lb of milk, 10,048 lb of butterfat, and 18 calves (Courtesy of 
Ji-meneonJertrii Caiile. Civl>, p.htilf^ofxhhyPh3lJ*o}meT)i 

union of i iablo germ cells from both parents. In those species, lion ever, 
iihich normally produce more than one offspring at a time, prolificacy is 
measured through the fecundity of the female, for the reason that a 
fertile male produces enough spermatozoa at a sendee to fertilize billions 
of ova. In 8\\ inc the number of pigs per litter depends not primarily on 
the bo.ar, provided be is producing viable spermatozoa, but upon tho 
number of ova that have matured in the sow's ovaries. Liken isc a ram, 
granlotl normal breeding health, cannot affect the number of tnin or 
triplet births, for this depends on tho number of ova produccfl by the 
ovaries of the cno. Nc\ crthcless, tho inherited power to produce largo 
litters in hogs or twins in sheep can ho transmitted by the boar or nim to 
bus offspring, and its effeclb make their nppeamnee in the *«rcond gencr- 
nlioti Tor this reason, it is wi*-c to pclcct boars from large Iiltera and 
nuns from twins, otlur things !>oing equal or heing given due consider- 
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ation In nny case, males should bo compS r«onh 

strams, nhich can bo dclcrminctl. of coumo, onlj bj P 
of the ancestors and collateral rclaliacs c u,o of the repro- 

Reproduclnc cff,cm,aj connotes the "{'‘T In the female .t n 

ductu e pon ers of all the animals in n herd or noek ‘ , ,t 

the regulir production of offspring mer a period of jears^n 



t Cyjtic ovarfes 



Ccutda UntnertUy of W%»coTUin ) 

IS the successful fertilization of the largest number of eggs ^nth 
possible services This problem will be dealt \nth in a separate c 
Causes of Reproductive Failure — ^There is the common 
belief that sterility is a single problem, that it is a speciBc disease ^ 
can be corrected by the administration of certain drugs, the inje ^ 
specific hormones, or the addition of certain vitamins and mme 
the ration No concept could be further from the truth ^ 




ria. M — TVinnlo ecnltil nbnortnalitic>^ in a^vmo. Missini; uterino ecgmcnt. {Courtesy of 
Dts ircrjucl, Crummer, and Casida, Unteersiltf of U’wconain ) 


(lisejisps, (1) mitrilional deficiencies, (5) genetic make-tip, (G) physiologi- 
cal disturbances, and (7) misccllaneaus environmental factors. 

The rcprotluclivc proccssc-s may l>o mtormpted in a wido variety of 
\\ a\*s and at any stage. Tlic c.auvo4» range from the luck of sc\ drive and 
the unuillingnes.s of animals to mate, the death of the gametos or tho 
fertilitinl ovum, abortion, or the birth of a mature but dead fetus 

Anatomical Defects of the Genitalia.~T.iterully hundrc<ls of typos of 
anatomical defects of tho genital organs Imvc been reported. Some <»f 
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these ere of sufficient seventy ns to f ‘'f 

degree of fertility No attempt u ill bo made to desen 

Mhich have been reported m the literature, but to give a bnel 

the more general types .. i i t rrvntorchism Th® 

Probably the most common male genitaldefect IS cryp 

condition has been described m » vary from 

cryptorehism depend upon the exact location of the ^j^nlity when 

normal fertility in the unilateral ciyptorchid to “““P established that 
both testes are fully within the abdominal cavity It is 



tn A V Ifalbon^ 
Fio 65 — Complete abeence of the cervix m the BOW {CoiiTte9y of Ut a 
D tparlmenl of Animal Science t^m»er»»ly of fftinoia ) 

the condition may be heritable and it should not be condoned 
breeding animal * of 

The occurrence of scro tal hernia is not uncommon The des 
the viscera through the inguinal canal into the scrotum may id 
vith the circulation of the testes and result in their atrophy 
development of a hernia in any part of the abdominal tvall, althoug 
testes may themselves be unaffected, may interfere with service 
indirectly affect fertility 

The penis is sometimes malformed or may be prevented from 
extension by adhesions within the sheath Paralysis of the re 
muscles maj allow the perns to protrude from the sheath and be su ’ ^ 
to injury Such defects may have no influence on the actual produ 
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of sperm by the testes but may prevent effective service. The complete 
absence of portions of the genital system is rare, but does occur. 

The general anatomic soundness of males, especially their feet and legs, 
should not be ignored. It is -well known that broken limbs, sore, over- 
grown, or malformed feet, and arthritic joints may prevent males of 
normal fertility from mating. 

Probably the best known anatomic abnormality in the female is the 
freemartin condition. Of all the farm animals, cattle appear to be unique 
in thToccurrence of this abnormality. The freemartin, at birth, appears 
to be a normal female calf. However, the genital organs are very small 
and fail to develop as the animal grows. The vagina is usually smaller 
than normal and cannot be penetrated to the normal depth. The uterus 
does not develop, the ovaries are abnormal, and the general appearance 
of the animal is more like that of a steer than a female. Such animals are 
sterile. This condition appears in about 90 per cent of the females which 
arc bom twin to a bull calf. The most acceptable explanation for the 
condition is that it results from a hormonal imbalance in the female, 
presumably caused by the secretion of the male hormone by the testes 
of the twin male fetus. If the placentae of the two calves are fused and 
have a common blood supply, the female develops abnormally. If there 
is no fusion of the blood vessels, both animals develop normally. 

The term while hei fer disease has been widely used to describe abnormal 
genital development in white or nearly white cattle. This condition has 
been reported to consist of a persistent band of tissue which occludes the 
vaginal opening just anterior to the urethra. Such an obstruction 
obviously interferes ■with copulation. It been sho^vn that conception 
may follow surgical removal of the tissue. However, some clinicians use 
the term to describe abnormal genital structures in other than white 
cattle and abnormalities not limited to vaginal occlusion. 

Many different anatomical abnormalities have been described in the 
female. Unilateral or bilateral absence of the ovaries, Fallopian tubes, 
or uterine horns occur in all species of farm animals. In cattle such 
abnormalities can bo readily detected by a rectal examination. Fortu-* 
natcly, in both sexes, such abnormalities are not the most common cause 
of reproductive failure. 

Mechanical Injury of the Genitalia. — From an anatomical standpoint 
the testes appear to be extremely xmlnerablc to injury; however, instances 
of bruising, inflammation, and lacerations of the scrotum and testes are 
not common. The consequences of such injuries var>' from temporary 
reduction in fertility to complete sterility, and all injuries should receive 
prompt, expert treatment. Tlic Icstcs of the stallion are more likely to 
be injured during sciauco than in tl»c other farm animals. Marcs which 
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are improperly handled or incorrectly restrained may permanen J 
damage the testes or penis of the stallion. thus resuH- 

Tho penis may become bruised or lararatcd frequently 

ingin temporary or permanent loss of the male as a s . ® r^etices 

such injuries could be avoided by the use of approved breeding 
or restraining devices. . The two critical 

A vddc variety of injuries may occur m the fema . ^ 

times, as far as injuries are concerned are Parturition ^ 

explained in an earlier chapter. „f (he female, 

the loss of the offspring, permanent damage of the gen 



chance that this heifer will prove to be fertile*’ 

• nr 

or even death of the dam herself. Perforation of the uterine ^ 

, \\alls, laceration of the cervix, eversion of the vagina, cemx> 
or of the rectum are all the sequelae of complicated birth. 
adhesion.s or secondary infections of the genitalia cause 
•which prevents further reproduction Service by a large or 
male may cause permanent genital injury. Mechanical damage 
female genitalia due to other causes is rare. , .^^ell' 

Genital Diseases. — ^Theoretically, any disea.se which affects 
lieing of an animal maj' have cither temporary or permanent 
on fertility. In the male, for example, pneumonia, or any othc 
accompanied by fever, may affect the rate of spermatogenesis. 
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systemic infections may affect fertility or result in abortion in pregnant 
females. Conditions of this type arc outside the scope of this discussion. 

Of the farm animals, cattle are most likely to be affected by specific 
transmissible genital 'diseases. The economic losses suffered by cattle 
as the result of such diseases are probably many times greater than for 
all other farm animals combined. The authors will make no attempt 
to estimate the magnitude of such losses. The official TJ.S. Department 
of Agriculture estimate of losses attributable to brucellosis in cattle in 
1942 was 30 million dollars (Mobler ct al.). It has been estimated that in 
Kew York State alone the losses in cattle directly or indirectly due to 
breeding difficulties are 20 million dollars per year and seem to be increas- 
ing (Asdcll, 1948). 

Braccfiosis. — Brucellosi s of cattle ( Bang*s disease) is one of the major 
causes of loss in caUle production! This disease is caused by a specific 
organism, Brucella abortus. The brucella organisms ordinarily live in 
the pregnant uterus, hut they may localize in other tissues such as the 
udder or in the testes. One of the most frequent, but not the only, 
evidence of infection is abortion. It is estimated that 85 per cent of 
abortions in cattle arc duo to brucellosis. Abortion may occur at any 
stage of pregnancy but it is most likely to occur between the fifth and 
eighth montha, Aborted calves and the fetal membranes of brucella- 
infected cattle usually .contain millions of the brucella organisms and 
the infection of other animals or the human may result from exposure to 
such material. Infected animals do not alwaj's abort, and their mem- 
branes may likewise contain the disease oi^anism. The bacteria may 
bo eliminated in the genital di.schniT;cs for several weeks and have been 
knoNNW to bcprc.‘*cnt in the milk for long periods of time. 

Bmcclla infection may bo introduced into or spread through a herd in 
Fcveral ways, blast frequently an outbreak follows the purchase of a 
supposedly healthy cow or the exposure of licalthy cows to animals of 
unknown di.sca.se status at public salc.s and cxlnbition.s or in community 
pjustures. BmccUosis can he spread through contaminated fowl, water, 
and lx.‘(lclinK or <iircctly from the body discharges of an infcctwl animal 
of cilher sex. 

One of the unfort\matc miseoncpplions in regard lo hniccllosis is that 
nhorthm is the only sympton nn<! the only cnu.sc of loss, BnjcoIIa 
infcs'tion does nt)l ft's!!!! in complete immunity, hut most cows abort 
only once folUming inf<*ctitm. 'Hio animals Fe< m to devclo]) a toleninco 
for thf organi-<m. nUhough a few do abort tnice and nirtdy tlmK; or more 
timcH. U Ittvs b<f*n <‘stiinate«I tlmt 25 to ,10 j>er cent of tlie coa.s which 
enUmrt hnirclUHis may m:inif«*Nt hmsling ilifllniliies. 'nns may 1h* <1uo 
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to 1 ancrns tj pea of tissue damage in the genital organs The fetal 

branes are frequently retained foUoning abortion proposed, 

Although many “treatments for . „ii,ch 1 :ould be 

research avorkers in this field know of no r control is based 

described as a “cure” The present ““erumfortbe 

upon the detection of infected ammals by testing the 
presence of agglutinins This is accomplished y ^ amounts 

Ltigen. prepared from Brucella abortus orgamsms, to measur 
of cattle semm Calves, even those bom to 

remain free of the disease if they are separated from coP es, 

are not fed infected milk It is believed tlmt the , from a 

uhen four to eight months of age, mth a live vaccine p P 
strain of Brucella abortus orgaoisms of low virulence fstrain y„,,,senueot 
sufficient immunity on such animals to protect them agai ontion 

evposure to brucellosis Official plans for the elimination y d P 
bf brucellosis m cattle have been developed by most „ajis 

sanitary associations or the offices of the various sUte - .^^^1^6- 
Rccommendations are likewise available through the umt 
stock Sanitary Association and the Bureau of Animal n 
U S Department of Agriculture Since no one plan is adap 
situations or each specific locality, it is recommended .o^tacteii 

agency Tcaponsiblo for the control of brucellosis in the area 
vhen the presence of this disease is suspected Qwine 

Brucellosis in 8 i\ me is most often caused by Brucella suts 
sometimes infected by Brucella abarlus, and cattle may be anec e 
the aborlue and suts Brttcella Man may be affected by t ree 
Brucella, abortus, suis, and meltlensts The latter organis 
brucellosis m goats but rarely m cattle and swine and ^jteD 

economic importance in the United States Si% me brucel 

a serious economic problem to the swine producer and may o^c 
prc\ ent the profitable operation of a sivine enterprise (Hutching, 

In cattle flie presence of brucellosis in a herd is soon rccogniz j-patly 
oc6urronce of abortions The incidence of abortions may 

between swine herds ranging from an occasional abortion to tn jq tl>^ 

of the pregnant females In the boar the organisms may loca iz® 
testis and produce a severe orchitis Hutchings and Andrews 
lia% e shown that bnicclla maj be eliminated in large pf the 

semen and it is well known that the boar is frequentlj a sprea 
disease The^c bictena maj localize m the joints causing art 
the acrtebral column causing posterior paralysis, and abscess 1 
13 not uncommon 

Abortion ma> occur at any time during gestation This synip 
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been observed in experimental herds as early as 23, days after breeding. 
Under ordinary herd conditions such early abortions would probably 
not be detected, and this may account for the fact that the abortion 
rate sometimes appears to bo very low. Swine usually abort only once, 
but as in cattle, such animals may be dangerous spreaders of the disease 
and their subsequent fertility may be affected. 

The means of diagnosis of s^rinc brucellosis is very similar to that of 
cattle. Satisfactory vaccination procedures for the prevention of tlie 
disease have not as yet been developed, and there is no knoum treatrpent. 
However, Hutchings (1947) has reported considerable success in ithe 
elimination of the disease from badly infected herds by the repeated 
blood testing of all swine and the isolation of negative pigs on clean 
premises as far removed as possible from the infected parent herd. The 
testing is begun when the pigs are weaned at eight weeks of age.and is 
continued up to and during the first pregnancy. All reactors should be 
removed as they oeciu*. The infected parent stock should be disposed of 
as soon as it is apparent that the younger animals are r^ipaining free of 
the disease. . . . - 

Bovine Venereal Trichomoniasis . — ^This disease is caused by a protozoon, 
Trichomonas fetus. Under natural conditions it is believed to be trans- 
mitted only by copulation, but it can be transmitted by infected instru- 
ments or in infected semen at the time of artificial insemination. '^Tho 
incidence of this disease and the losses wjiich result from it are not so well 
known as in the case of brucellosis. Morgan (cited by Bartlett) reports 
that 61 infected herds -were detected by the University of "Wisconsin 
animal disease diagnostic laboratory betw'een 1941 and 1946^ Bartlett 
Vnal m nmB ^.ricbomafi-iTfiected ’nerds tmore Vnan 
cattle) in the Beltsville, Md , area, the losses due .to the infection were 
at least $200,000. 

The damage w'hich occurs following infection is confined primarily to 
the female. The organisms inhabit the uterus and bring about the early 
destruction of the embryo, usually within 3 to 5 w'eeks after conception. 
The animals then return in heat and may remain infected for several 
montlis. In some cases the uterus may become filled with pus and 
greatly enlarged. If such animals are not bred, they usually recover 
spontaneously, since the protozoa cannot persist permanently in the non- 
pregnant uterus. If noninfected bulls are used, the possibilities of 
eliminating the disease arc good, but care must be exercised that the 
bulls do not become infected The cattle must not be rebred until it is 
known that the organisms arc no longer present. 

In the bull the trichomonads inluibit the preputial membranes and 
glans penis. There is no o^itward sign of infection and the sperm arc 
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unaffected Unlike the female, the male ’■‘'””“J“““The^detection 
and may transmit the organisms at nrarly ev tj expert, since the 

of tins disease in the bull require ‘ “tneky" « “ 

habits of Tnchmoms felm can brat j^^ted bulls should be 

the opinion of most specialists m this ^ „f ^u^lero^« 

regarded as permanently infected and should expenmental en 

types of treatment have been tried, an . i,e developed (Bad 

dence that a satisfactory treatment may eventually 

lett, 1949) j jlje occasional caa« 

YtbnoJebis-VibrwSeiu^ is recognised as one of ‘ to tba 

of abortion in both cattle and sheep In f f gently bet''«” 

cause may occur at any stage of ““y disease, the pe' 

the fourth and seventh months The ‘f^.tnner of trans- 

cent of infected ammals uhich abort, ^ jg^p) Aboih"” 

mission of the disease are poorly understood problem 

in any species should be regarded as a ° v 14 be made « 

attempt to determine the cause of each abort ji(,ss,biliti« 

brucellosis, the most probable cause, can be * „ived should 

that either Tnchommas /cluj or Vthno Jem might 

be m^ estigated i.*„ ,b only a 

It should be recognized that abortion, like sterility, J ^^3 lutcu® 

and that it can have many causes Injury, failure o sjstei^'^ 

function nutritional deficiencies embryological abno foUo^^ed b' 
infection, or any general physiologic imbalance may 
abortion 


abortion , r+isPiaEm® 

Fo^inUis —This term, which refers to inflammation ot or 

^e^y general use, but there is a divergence of opimon ^ oce 

causes and to the significance of the condition It is ® TbP 

type of venereal disease which occurs in cattle is due o lb** 

disease is called vesicular venereal disease and is suppos 
United States but common m Europe It is recognize a 
by small papules ^\hich form ulcers which in turn heal in a 
Both males and females may be aficcled (Bartlett, 1949) ^ 

A second ^encreal disease which appears to be or 

■\ encreal disease (granular or nodular \ aginitis) Some m ber^ 
pased CMdenccs of this disease can be found in nearly 
In some cases the tissue changes arc confined to the ^'ul^ a 
instances may m%ol\e the entire vagina Varying degre^ nodule^ 
tion of the mucous membrane maj be present and sma cf 

occur Lesions ma> be present in virgin heifers and ci 
pregnant cows (Bartlett 1940) In some cases there is j^pgacd 1”^ 
effect on fertility and m others natural scrv ice may not 
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pregnancy. In obviously infected herds where the conception rate was 
low follo\ving natural sei-vice, the use of artificial insemination has been 
reported to improve breeding efficiency. The explanation for this is 
apparently that the sperm arc deposited in the cervix beyond the infected 
area. There is evidence that the infection (or some infections) may be 
spread by the bull, yet there is other evidence that the condition may 
not be primarily infectious. 

Injcclious Abortion in Mares . — Secause of the decline in brood-mare 
numbers there is little current research on infectious genital diseases of 
the horse. Dimock and Edwards (1928) report that, in their experience, 
streptococcic abortion is most common in mares but that Salmonella 
abortivo-eguiuus and abortion due to a virus do occur. 

Nutritional Deficiencies. — ^Few topics in livestock production have 
received so much attention as the influence of nutrition on reproduction. 
Since growth and reproduction are the two most fundamental character- 
istics of animals and since both are easily measured, it is not surprising 
that both are included in the design of the majority of nutritional investi- 
gations. There is hardly a nutritional substance or element that has 
not at one time been thought to be essential for normal fertility. It is 
self-evident that maximum reproductive efficiency depends upon the 
maintenance of a reasonable state of body health. It is likewise under- 
standable that the absence of an essential nutrient may indirectly affect 
reproduction. In the case of a nutritional anemia, for example, the 
severity of the anemia may caxise general debilitation and weaken the 
individual to the point where mating doc§ not occur. It is entirely 
possible that fertile ova or sperm might be produced but that reproduction 
might be physically limited. 

It is well kno^vn that the general plane of nutrition may affect fertility. 
In the rat it has been shoAvn that a decrease of about 30 per cent in energy 
intake wll affect fertility and that a marked retardation in the gro^vth of 
the immature rat or a loss of weight in the mature animal may reduce or 
prevent garactogenesis in both sexes (Friedman and Turner, 1939). It 
has been observed, although not corroborated by experimentation, that 
both human and animal fertility is lowered following prolonged drought, 
famine, or war. 

There is the general belief among livestock men that both extreme 
undemutrition or a very high plane of nutrition are equally harmful. It 
is commonly said that a particular animal is sterile because it is extremely 
fat. This problem should be considered from several points of view. 
From the physiological standpoint, it is well knoum that a reduction in 
the production of the sex hormones is followed by increased fat depo.sition. 
This is the basi.s for the practice of castration. It is logical, therefore, to 
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eons.der the pose.Wty that 

?;on.thenutnt.cnalstandpo.nt,ara™^^^^^^^ The 

tion may be let than are those of growth 

Sr"rea^o-rX^^^^^^ — g amma. from the 

fattening pens is subject to notices m relation to breeding 

Probably the best known of a^erfingpractici^ p^^^tice to 
management is flushing It or to actual mating 

increase the plane of nutation of br-^^f *' ^oh as the use of lush 
This can be accomphshed in a variety o y ,o„,ontation » 

pastures and/or protein, carbohydrate, o'- ,^ 8610^1 countries 

seems to be accepted as the rt^lt of „ r,„t induced 

that flushing results m a larger tob «»P. when ewes hare 

earlier than usual (Fnedman and Turner 1039) „ 

previously beenmamtained^alngh planed 


previously been mamtaineu on a at me 

to have no beneficial reproductive effects An y-der the condi 
OUahoma Station by Bnggs el d (1942 m.mber of lambs 


OUahoma Station by Bnggs ct cl (1942) *ow^ t “ j^P,bs 

tions of the evpenment fiushmg did ^ g the breeding 

dropped and that the cost of the increased feed used durmg 
season was not justified by an increase in lamb ““P ^ gO to lOO 

When a flock of purebred range ewes which had Pr^uto 
per cent lamb crop under range conditions was tramf d 
forma Eapenment Station the lamb crop during the ncrt y ^ 
aged 135 per cent and reached a high of P®" “ ferUhty under 
improved feedmg and management can markedly afie 
some conditions (Hart and Miller, 4937) , . j, (Terences m 

At the Utah Station Esphn el oi (* 940 ) found that 
fertility of sheep were related to plane f ’'“‘r'tmn S f„oi 

first w inter Ewe lambs fed supplemental feeds gained ab ,g 

October to AprU whereas comparable ewe lambs on OeW- 

Both groups ere on the same range from April until ‘ ^ brec<i‘“^ 

her at ^^hlch time they ^vere placed m the breeding hoc nviot^^ 

time the lambs which recci\ed supplementary feed during ^Qsvi\ts of 
■^^elghed only 2 to 3 lb more than the others The 

the t\%o groups were quite different Only 45 per cen o ^^repr»- 
lambs produced offsprmg whereas 65 per cent of the lea gro^'4f* 

duced It w as concluded that the nutntional regime durmg 
period may 6ubsequentl> influence reproductiv e capacity 
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Studies at the Massachusetts Station clearly showed that the testicular 
development of boars was retarded when the plane of nutrition was 
sufficiently reduced to limit growth rate. 

A comprehensive review of nutrition and sterility in dairy cattle by 
Asdcll (1949) cites over 50 references on cattle alone. 

Nearly every vitamin or special dietary factor has been suspected of 
limiting reproduction. In the farm animals, with the exception of the 
chicken, vitamin supplementation has been chiefly confined to vitamins 
A and D. ’While vitamin D can limit skeletal growth and general health. 


ria. 07. — Effectsolvitamin-A deficiency m the bull. 1. Testis of vitamin-A-deficient bull; 
observe absence of sperm and scarcity of all epithelial coils including spermatogonia 2. 
Samo bull after 4 montlia of vitamm-A therapy, extensive but not complete repair. 

it has no direct cfTcct on the genitalia. Vitamin A, however, is essential 
for normal reproduction. Under natural conditions vitamin A deficiency 
is likely to occur in animals which have been on dry feed, poor rovighage, 
or drought-stricken range for extended periods of time. Under such 
conditions systemic evidences of vitamin A deficiency are usually recog- 
nizable. Kight blindness, ophthalmia, diarrhea, and difficulties in loco- 
motion and coordination may occur. In the male the rate of spermato- 
genesis and quality of the semen declines. In advanced stages of the 
deficiency the male may be unwilling or unable to copulate, even though 
molilo sperm may be present. The cause of impaired fertility in the 
male is usually attributable to testicular damage. In the female con- 
ception may occur but is frequently followed by abortion, the birth of 





"rtt “ 

normal animals (Asdell, 1M9). „£ -ntamm-A 

Several recent studies have ^b 3 ence of vitamin A preven ” 

deficiency in bulls. “^i 3 devdopment. Buid-fiU^ cysts 

both normal grmvth and ”“™“l reproductive fadure can 
may occur in the pituitary E’“f deficiency produ® 

w» p'smccted In sexually mature bul Hphilitv, depending 

varying degrees of testis the damage can usually 

on the degree of the deficiency. In older am 



(arm bull* ^ 

l)C repaired following proper therapy (Sutton et al-, IWOy Hodg- 
194G; Erb et al., 1947). - (at 

Although all of the B vitamins are probably not >cx. group 

13 had been named by 1949), it is thought that this esp^ 

lias little direct effect on reproduction in the larger farm a - ly: 
daily the ruminants. In the chicken the B vitamins are ^ ^ ^ ^ 
absent or present in suboptiraum amounts in some ra picnjcnt*' 

containing primarily com and soybcaii oil meal. Proper 

tion of such rations does impro\e hatchability. diets of 

Vitamin C is often present in euboptima! quantities in t ic 
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monkey, and the guinea pig. The deficiency of this vitamin causes severe 
debility and even death, yet it is reported that there are no direct effects 
on fertility in these species. It has been reported that the injection of 
vitamin G (ascoibio acid) in both bulls and cows which had been classified 
as “poor breeders” nas followed by improved fertility in both sexes. 
There seems to be current (1049) agreement that the therapeutic benefits 
of ascorbic acid therapy have not been submitted to a critical test and 
that judgment must be v ithhold until more clear-cut evidence is available. 

The role of vitamin E in the pre- 
vention or treatment of reproductive 
disorders of the farm animals is still 
a controversial subject. In the rat 
and mouse there is no doubt that 
vitamin E is essential for reproduc- 
tion. A deficiency of this vitamin 
prior to puberty result s in the absence 
of spermatogenesis and in testicular 
atrophy following puberty. In the 
female conception may occur but 
abortion follows in the vitamin-E 
deficient rat or mouse. 

Numerous reports on the value of 
wheat-germ oil (a rich source of 
vitamin E) in the correction of cattlo- 
breeding problems appear in the 
scientific journals and literally hun- 
CiTcds ol tesVimohials ol satisfied users 
have been published. Attempts to 
icducc fertility in farm animals by 
the use of vitamin-E fiee or deficient 
rations have not accomplished this 
purpose. It has been concluded in 
a report by the National Rcseaich 
Council that, “There is no convincing evidence that the addition of extVa 
vitamin E to normal rations has a direct or specific effect upon reproduc- 
tion in practical herd and flock management*' (Phillips, 1942). 

The minerals which arc most hkcly to limit animal growth and health 
arc phosphorous, calcium, and iodine and, in some legions at least, iron, 
copper, cobalt, and manganese. Of these, phosphorous is most apt to 
be deficient. Under natural conditions phosphorous deficiency is often 
complicated by both protein and vilamin-A deficiencies. Under such 
circumstances reproductive problems are almost certain to occur. In 



Tio. 09 — A sever© case of hypothj roid- 
ism. Obsor\o the thickening and crack- 
ing of the skin 


cattle phosptarous^eficiency a^P^, “” 

xtX-n*»*r-L- 

copper and iron in the prer ent.on ®f j y ays contain 

skeletal gronth and lactation are such that the met jaation ra 

The relationships o( L ” ta7e experiment 

So^liar e sC-nThese efements to be deficient, local recommendations 

should be followed. 




riQ 70.— 1 Normal lamb thjToid 2 Abnormallamb thyroid due o 

Genetic Causes of Sterility.— Certain forms of "‘'"’''y. “w\lio»n 
Imve a genetic basis. Tlie work of Mdges with Drosophila b „, 
that a male of sex^hromosome constitution XO (due to n specie 

is sterile. Evidently the absence of n Y chromosome m 
renders an animal sterile 

An inttanec from practical brccrlinc lu^torj* wliich appears to 
catecor>* is tli.at of barrcnnc<«.s m Bates' famous Duchevs family j^rpedc^' 
This family wa.s noteil for superior individual cvcellcnce, con.«equcn^ l,rfe<l eS 
naturally desirous of maintaining this excellence, foUoweil a ic<^ j^jnily 
nilhin the family, an example of which is pven in Fig. 71. Bu 
taintetl from the licginning with the cur=e of barrenne®*. • ' co*^ 

breetlcrs at the time con«ulere«l it a fortunate circumstant^ lii^ fsi-on'-* 

were so often barren, for it kept down the number of indixadua s o 
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strain and resulted in prices correspondingly liigh. But as a result of barrenness 
tbe strain o\cntuaUy tan out completely. In Fig. 72 an attempt has been made 
to show diagrammatically how barrenness was inherited in this family. The 
diagram is not complete, for it includes only the females in the family. Never- 
theless it brings out verj’ forcibly how barrenness occurred very early in the 
family history, and how it reappeared in about the 8.ame proportion of the total 
population throughout its history. Far from shon-ing an intensification of the 
detect as a lesult of inbreeding, this diagram merely illustrates the heredity of a 
defective family trait.* 

Probably most breeders of some years’ e.'iperience can recall certain 
females in their herds of 10 or 20 years .ago that now have no descendants 
in the herd. If a breeding chart of the herd has been kept or can be made, 


Duchess 65th 


(Short Tail (2621)] 
^4th Duke of Northum-] . 

, berland (3649) (Duchess 34th j 


Belvedere (1706) 
Duchess 32nd 
Belvedere (1706) 
Duchess 29th 


xDuchess 38th 


Norfolk (2377) 
Duchess 33rd 


1 2nd Hubback (1423) 
' Nonpareil 
i Belvedere (1706) 

! Duchess 19th 


riQ 71 — Pedigree of one of the latest Duchess cows, illustrating sj stem of linebreedmg 
followed in maintauung the family. Duchess 55th produced two calves 


such lines are piactically sure of being evident. Some of these lines 
perhaps disappeared because of poor type or poor production or both 
Others, no doubt, have disappeared because of lowered fertility or 
sterility. Whether this has been duo to poor management or to poor 
genetic make-up is perhaps hard to determine, so to be conservative we 
wffi say that some of it has been due to one, some to the other, some to 
both. 

In species characterized by multiple births, fertility and prolificacy are 
of e-^remo economic importance. This problem has concerned livestock 
breeders probably since the domestication of animals and has received 
the attention of research w orkers during the last half century. The fact 
that there are significant differences in the prolificacy of different breeds 
of swine and botw'ecn lines within breeds is definite evidence that this 
trait is heritable. The exact degree of heritability of prolificacy is not 
known. In some instances where attempts to select for litter size in 
swine have been made, tlieic lias been little increase in prolificacy. 
Idorris and .Tohnsoii (1932) found, that in 1,035 litters of Poland-China 
swmo, litter bizc was increased only one pig por litter during a 20-year 
period In a more recent study at the I^Iinncsota Station, Stewart (1945) 

« liMicorK, V. n , nml Cuxus>N, U D , *'Gencl5« in llclation to AKriculture,” 
*.a. c<I, j)p 555-550. liook Coinpmy, Inc , New York. 1927. 



estimated that the hcritability of the t^ity^fn'an^outbrcd stock 

Tt per cent. In actual practice — for other 



to* tl,e 

Fig 72 — ^lUustratmg inherttaDce of barrenness through the female ° gabcof^ “ 
family of Shorthorns, barren cows represented by solid black circles i 
Clouien, Genetic* tn Helotion to AgncuUuro ) 


cent seems low , it does tend to show that breeders have no 6”^ factors 

closely for fertility as is posdble. In a companion study o o 

which affect prolificacy of swine, Stewart (1945) found t a 
weight of gilts at mating account for 4 per cent of the variance for 

first Utters and were of considerable importance in the see 
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fertility An increase of 10 per cent in the inbreeding of dams of the 
same age resulted in a decrease of about 0 G pigs per litter 

The inhentance of functional regulation of leproductive cfTiciency has 
been revieiied by Gilmore (1949) This review, containing 142 refer- 
ences, cites data clearly illustrating the fact that the degree of fertility 
can ha\e a genetic basis Because of the nature of the data and the 
complexity of the problem, the mechamsms of genetic regulation remain 
obscure Of the various factors which may influence feitility or result 
m stenlity, the following haxe been shown to be hentable white heifer 
disease, the freemaitm condition, underdevelopment of the gonads, 
abscence of the gonads or vanous portions of the genitalia, and inter- 
sexuality A wide vanety of lethal factors resulting m fetal or early 
postnatal death do influence fertility and may be regaided as causes of 
reproductive failure Such lethal factors occur m all species 

Systems of Breeding and Sterility — The fact that too wide crosses 
c g , bison and cattle, or horse and ass, often result m sterile or relatively 
infertile offspring, coupled with the fact that too close inbreeding often 
produces similar results as far as sterility is concerned, is further proof 
that some stenlity is caused by genes 
In selecting breeding stock, therefore, one should be careful to make 
his selections only in strains or families that by their actual records of 
reproduction have proved themselves to be at least relatively free from 
genes which lower fertility It is often observed that animals of a strain 
which has been closely inbred for a number of generations are sterile 
when mated among themselves but fertile with other nonrelated strains 
In fact, the above condition sometimes applies as W’ell to ammals that 
arc not closely related In a great many ol the experiments on inbreed- 
ing there have gradually developed a loss of vigor and a lowering of 
fertility Tor instance, Weismann’s and Von Guaita’s work with mice 
ga^ e the follow mg results 

Tabu: 14 — Decrfastno Tertiutt in Inbred Mice 


Generation 

Average 
Per latter 

1-10 

6 1 

11-20 

5 G 

21-29 

4 2 

29 and 30 

8 5 

31 and 32 

3 0 

33 and 34 

2 9 


Similar work by Ritzcma Bos on rats ga\c the following results 

Tahu 15 — DtcRtAsrp riRTjiiTT Dui to Inbreldincj 
1887 1883 1889 1890 1891 1892 
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generations i , , 7112 litters containing W 116 

Data given lor tlie A senes of inbrcda ‘j, tho B senes 0 

itrSn^s «?:= - - ^ ' 

ttom a sLes of slock Albinos “f;,\i^:tXenes was re 

asthembredetramshov.sthateichl For the entire senes of 

than the corresponding httcr m J ^^^,tter This average is 0 8 

stock Utters the average sire nas 07 yonug ^Mit 

than the average tor Utter size m the mbred strain 

Crossbreeding, on the other hand. 

not completely sterile, as is he "luH »^n ^ Igre parents and are 
that are more vigorous m all helrom or hyind 

often more fertile This increased vigor is ,n cross- 

mmr The exact cause of these phenomena in mhreedi g 
breeding IS not fully understood It has been suggested ho 'ev 
g”m plasm of all spcc.es probably -nes some mhibiting 
which, if true explains why inbreeding often do 
fertility, because these inhibiting factors are mtensifie , „t 

breeding often results in .ncreased fert. bty " Vet the 

supplies to the offspring factors that ‘ond *0 domma 
expression of the weak characters supplied by the “‘h P v.2 , 

Among species hybrids there is wide range of “hihty to p^ ^ 
from a point of increased fertility over the Pa«ntB 
absolute sterility The mule and the hinny, ‘he former 
cross and the latter a stalhon-jennet cross, are “oth etc , 
the horsc- 2 ebra crosses Babcock and Clausen report of 

fertile male hybrids between the zebra and the ass ^ reduo- 

Wodsedalek on the reproductive cells of the mule show a jo 

tion divisions during spermatogenesis which m ao^ 

imperfectly formed and functiomng germ cells If the ^ ,t is 

cross have characteristically a different number of chrom lO 

difficult to see ho^^ the reduction divisions could be norma ^ 
the production of functional germ cells Even if the chrom ^ji,iiity 
bers -were the same m the two species physiological inco 
might be present * 

‘ King II D Stud es m Inbreeding latar Institute, Philadelphia 
* Babcock and Clausen Op eit p 591 



LOWERED FERTILITY AND STERILITY 


219 


In many crosses between species of Bovidae, as common cattle with bison, 
gaur, gayal, and yak, the female is fertile and the male sterile. Among domesti- 
cated birds, as in the sterile hybrids between various species of pheasants, the 
sevual organs are imperfectly formed, and there is a strong suspicion tliat sterility 
may be due in part to imperfect sex determination resulting from hybridization. 
Even aside from this difficulty which is zygotic, there is the further one that the 
chromosome condition in these hybrids may be unbalanced and the differences in 
genetic content of the chromosomes may be so great as to prevent functioning of 
the gametes which are formed. The sterility of species hybrids is in quite a 
different category from that of the sterility occurring ivithin species.^ 

Davenport observes in regard to hybrids that “it is safe to assume that 
about all the possible fertile hybrids were long ago produced in nature, 
and either went down under natural 
selection or became good species 
before they came into our hands." 

PhysiologicalDlsturbances. — When 
the cause or causes of lowered fertility 
arc not readily apparent, they are 
frequently attributed to physiologic 
disturbances. Such diagnoses are 
sometimes made because of a general 
lack of information regarding the 
particular condition and sometimes 
because of the limitations of the 
diagnostic techniques used. Eor e\'- 
amplc, a highly skilled gynecologist 
might find no gross evidences of genital 
abnormalities as the result of rectal 
and vaginal examination, and there- 
fore conclude that there were no anatomical or pathological lim- 
itations for conception. There might, however, be tissue changes in 
the Fallopian tubes wliich w’ould prevent the passage of sperm or ova 
but which could not be detected except by microscopic post-mortem 
examination. Likewise, there may bo transmissible genital infections 
which arc ns yet unrecognized, or xitamin or trace-mineral deficiencies 
which arc still unknown. There arc, however, several known physio- 
logical dhtuibanccs wliich may prevent normal reproduction. 

'I ho failure of the anterior pituitary gland to produce the gonadotropic 
hormones at the proper time and in the proper amounts will most cer- 
tainly affect fertility. The absence of ovarian or testicular development 
and consequent failure of the animal to become sexually mature can 

‘ lUrctKk anti Ci.a,vsi s Op. ni , p. 5*U. 



Tig 73 — Orchitis in a ram. Examina- 
tion showed thit the affected testis had 
increased in size to tlio extent that the 
normal testis had been forced up into 
the inguinal canal. 




anb mBnovE^^ENT or farm 

often be explamed on the '’“'I ^f^/dntTand 
cessatton ot the ertma cycle or ^0 can 

in the mature animal may follon . j, ^gg „£ the gonado- 

Bometimes be restored to a breeding conihtion J hentable 

Tpic hormones, but the fact ” preach Thec- 
al, vays raises the question as to endocrine gland may 

retically, at least, abnormal function of „ 

indirectly affect the «Prod“tive procj E t Abnormal adrenal 
actnity ot the thyroid gland ^{f and thus secondanly 

cortical function may affect Bonpra y produce abnormal 

limit reproduction Tumors of tte adrenal B'n gg^ reversal changes 
quantities ot the sev hormones “f ove“ bnng ata 1 

Tumors or other abnormal growths of f nads “ 

structures may produce abnormal quan i jpg^ge the entire body 

steroid sex hormones and gonadotropins, and influence 
as ^\eU as the genital system , » ^ animals, 

The abo\ e conditions may be difBcull to .‘yg There are, 

and accurate data as to their ““te7y“^estock o, 

hoiveter, physiologic disturbances which nearly eve y 

observed Among the more common of ptg'ygis without 

cycle The heat periods may occur at very irregular ^ 

apparent pattern In some cases heat does not occu ,P,tance5 

IS of such low intensity that it is pfflcult to detee 
the heat periods may be abnormaUy long or shmt irregularib® 

tion may take place and the ova may be viable, the time B 
make it difUcult to have ovulation and copulation “““P® , regular 

tially fertile animals may remain barren The cause o pntenor 

itics IS undoubtedly endocrine and probab^ ^ , factors maJ' 

pituitary gland and the ovaries Sej^onal and nutntio 

beimohed ot least 

Abnormal corpus luteum function can affect fertility m 
distinct uays As previously described, the corpus gterone is 

in the ovar> and continue to secrete progesterone It P b formed 

being produced in large amounts, new Graafian follicles are ^^pical 

and estrus and ovulation do not take place This situa ion 
of the Hctating sow and the dairy cow during the first part “ 

In the sow the corpora lutca undergo regression very shortly a be 

the pigs, and m high-producing dairj cows the estrual eye fphe 

naturally resumed within 40 to 00 days following pa an^ 

corpus luteum can be rcmo\ed by o\arian manipulation m ,^^j.Qpiii 
heat can be induced m sows by the injection of equine j^gnan'^' 
'Ihc failure of the corpus luteum to function properly dunng 
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may prevent implantation of the fertihi^d ovum or may result m the 
abortion of the embryo or fetus Sufficient data are not yet a\ ailable 
to justify definite conclusions, but it seems logical to explain some of the 
reproductive failures uhich occur in farm animals as due to deficient 
progesterone secretion 

In cattle, particularly, some females remain in more or less constant 
heat, mil accept the bull, but fail to become pregnant If this condition 
persists, the tail head frequently becomes elevated, the animal may bellow 
a great deal and behaMor may be someuhat more masculine than 
feminine The behavior is frequently referred to as nymphomania, 
meaning unusual sexual desire The general condition is often called 
cjstic ovary because of the development of large, fluid filled thick-n ailed 
c> sts in the o\ anes These cysts, in contrast to normal Graafian follicles, 

do not nipture spontaneously, and ovulation does not occur The con- 
dition has been recogmzed for many years and v as formerly treated by 
the mechanical rupture of the cysts Following the discovery of the 
gonadotropic hormones, it uas found that the secretion or injection of the 
folhcle-stimulatmg hormone alone u as often follow ed by the dc\ elopment 
of very large folbclos which did not rupture The injection of TSH and 
LH in proper amounts and sequence resulted in both follicular develop- 
ment and ovulation In light of this knowledge it appeals that cystic 
ovary is probably the result of an endocrine imbalance Research 
workers at the University of Wisconsin have found that the injection of 
special pituitarj gonadotropic hormone preparations will cause the nip 
ture of such cysts and will restore a large percentage of nymphomaniac 
cows to breeding usefulness (Casida cf ol , 1944) 

One of the most perplexing problems m artificial-brccdmg association*? 
IS the “rcpcat-brecdmg” cow winch shows no dctcctnblo genital abnor- 
malities Some facctiouslj refer to this problem as “stenUtj m normal 
cows ' A carcfullj selected group of 104 such cows was studied at the 
Unucrsitj of I\iscon‘5in bj T mnl>c and Casida (1949) Ihosc animals 
were selected bj \otcrmanans cxpencnccd m cattlo-brccdmg problems 
All inimaljs had boon bred at Icist four times witlioiit apparent con- 
ception, ill had prev loiidi calved at least once, were loss tlinn ten jears 
old and wtro free of gcnit il abnormalities of all tjqics os nearlj us could 
l)C delonnincd bj gross examination and cxhibiled cstnnl c>dcs of 
nonnd length In onlcr Ihit mnnngenient might not bus the results, 
no more thm two coas were vohttcd from anj one Inn! Ihe cows 
wire artifai dh iii'-emmali'd ami hlaughtcreil on eiflur the thini or thirty - 
fourth da> following breeding \t \ divs G() 1 per cent of the cows 
t vnmin wl h ul fi rtilirisl o\ a hut at *1 } d u s onlv 21 1 [>or cent had norm il 
embryos Iisihlc grnil d ahnorm ililies not dotteted hv chntcal rxnrni. 
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phjsical tamers to fertilisation I^r {.rtilisat.on, 39 7 per cen , 
be divided into three groups, W ^ 34 days, 39 2 per cent, 

(2) embrjonio abnormalities 21 1 per cent Exactly I'h) 

and (3) embryos still norma mortabty frequent 7 

fertilisation tads to occur and "^y ^ ^ „„t been satistaetordj 

follows Mhen fertilisation does take place nave 

aIls^\e^ed , Ja-nafinn from normal m secretion 

Theoretically , at least, any y ^geet fertility 

of estrogen androgen, or the gonadotropins may ^ jb 

one considers that the entire Benda ^ ^ hormones, this does no 
gametes themselves, are dependent upon available tor clinicid 

Lem unusual Although thi^ hormones have ^ both 

use for at least a decade, thus far their p jhe treatment 

human and animal medicine leave much to be but M 

of sterility Rapid and encouraging advances tove W 

previously pointed out, stenhty is not a smgle problem 

ment will correct it pvidence has already 1>«“ 

Enwromnent and Reptodoctron.-Sufficient emde m the 

presented to demonstrate the mportanee <=' '>8^ a”d < P ^ba seasonal 
regulation of reproduction The reproductive pa contumous 

breeders and the seasonal fluctuations and class of 

breeders should be thoroughly undemtood to „Teflic>e»‘'> 
animal if a breeding program is to be earned cut mo^ but 

importance of relative humidity and altitude are la g y 
It seems safe to conclude that when these factors affect th g 


being of an ammal, fertility 13 likely to be affected „ed m“* 

The hazards of the atomic age to man and animal lia con 

attention m both the popular and scientiBc press ivmny but 

elusions which have been drawn or hinted at have 110 “ .^j^bated 
others of equally startling nature have been thoroughiy su jugulate 
It 13 indeed interesting to speculate as to the facers w 
genetic make-up and induce mutations ■S\Tiate\ er these a , ,3 

been going on m a reasonably orderly ^TaJ for thousands o 5 j, 3 diat«o° 
uell knoiN-n that proper dosages of X ra>s and other muta' 

do affect cells, chromosomes, and genes and may alter the ^diatioD^ 
tions But as to whether whole populations exposed to atomi 
wnll become altered or even extinct within a few generations 
wnthm the realm of speculation in 1950 ^vere 

The deletenous effects of X rajs upon the testes an o% 
known as earlj as 1903 The germinal epithelium is ^odu^ed ^ 

to X rajs, and complete and permanent stenlitj can be pr 
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either sex by proper dosage The degree of damage is proportional to 
the time and dosage and may vary from tempoiary lowered fertility to 
permanent sterility Exposure of the genital organs to X rays, even for 
short periods of time is hazardous and should not be permitted except 
for excellent reasons and under expert supervision 

During the past 5 yeais many studies of the effects of externally applied 
beta and gamma rays and fast neutrons on \arious body tissues ha^e 
been made The data are far from complete and only a few species have 
been studied At this v ntmg it appears that the effects of these radia- 
tions on the gonads are qualitatively similar to X rays Kumeious 
experiments of the effects of internally administered radioactive isotopes 
have been performed In a general ^vay it appears that the effects of 
such isotopes on reproduction will depend upon the active life of the 
isotope, the amount and type of its radiation the rapidity of elimination 
from the body, and the types of tissue in u hich the isotope is concentrated 
if it IS retained in the body (Bloom, 1948) 

Summary — In this chapter ive have stressed the difference between 
sterility and degree of fertility and have emphasized the point that sterility 
and fertility can be influenced by a •wide variety of knoun factors and 
perhaps an equal or greater number of unknoivn factors Anatomical 
abnormalities of the gemtaha can be readily detected and should be 
regarded as serious and disqualifying defects in breeding stock Mechan- 
ical injuries of the reproductive organs are often the result of caioless 
management and should be guarded against When injuries do occur, 
they should bo promptly and expertly tieated Transmissible genital 
diseases, especially brucellosis are an important cause of economic loss 
proCracers ^ince elective diagnostic methods are avadahie 
for the detection of several of these diseases the introduction of animals 
of unknoivTi disease status into healthy herds and flocks, at least "without 
a period of isolation, is nsky and inexcusable The importance of feeding 
well balanced rations supplemented vith the nutritional factors now 
known has been discussed That certain genital abnormalities and level 
of fcrtihtj haic a genetic basis is clearly a matter of fact The fre- 
quency and mode of inheritance of some of these conditions are obscure, 
but the possibilities that the conditions v ill be transmitted arc sufiiciently 
great that rigid selection must be practiced Some of the more common 
physiological disturbances and their c wi'^es have been discussed 

Iho breeders task uoiild seem to lie that of selecting his breeding 
animals from naturally fertile strains, of feeding and managing mature 
males and hmih^s so that Mible hcxUhy germ cells may bo produced, 
of grow mg out his % oung stock mas initary cn\ ironment and on suitable 
complete rations, of ittcmptmg lo etnko an intelligent b dance between 
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production and reproduction; of ighUou c’’r°Scir brcc'te 

L ammala and injuries or I’',) Xrs pertaining to breed- 

efficiency, of keeping accurate rccoi* t.^es liherc he 

mg health and efficicncj so that he ma> l^ou 

stmds and in iihat direction he may be heading . „ pur faith m 

\\ise and pound-foolish ” 
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CHAPTER VIII 

PREGNANCY AND PARTURITION 

The factors concerned nith “JnceS^'n* the mam 

discussed m a prernous section individual at the tunc 

tcnancc of pregnancy and with bi ,.gpt,on since the objectii c 

of parturition are of equal importance ith P ^ ,ti,y animals 

of the livestock breeder is the f ^“^Uct.on DnnnS 

capable of efficient milk meat wool 'I*, “ "^„^j,geation in sim and 

pregnancy the uterus must undergo consi ntenne mu*" 

structure to accommodate the ® activated too soon 

cles must increase in site and nuinlwrs but must ^ partuntm” 

lest premature expulsion of the fetus occur At ^ passage- 

there must be sufficient relaxation of contractility of the 

way for the offspnng yet there must ^ ™ uTthe 
uterine muscles to expel the young quickly and ^ jevelop- 

damage In mammals as described m a 1 part of tbc 

meat and function of the mammary “ '°*^ar^ gin”'*" “ 

reproductive process The development of the m JT ^j^^pation 
begun at puberty and is completed during pregnan y nartuntioD 
of actii e milk secretion is ordinanlj dependent upon no jqus xnilJ^ 

although if the mammary glands arc sufficiently dei eloped P 
secretion may follow abortion or manipulation of the ^ both 

Ovanan Hormones during Gestation. — As previous y uterine 

estrogen and progesterone are essential for the preparation o 
endometrium for implantation of the embr>o great 

uterine hmng is prepared will prevent implantation 
differences between animals in the dependence of pregna 
ovaries In the mare and woman the oianes can be the 

pregnancy without harmful effects but m the cow, .f prego^^ 

o\ anes are cisenlial at least until i cry late pregnancy In arc 

human relati\ ely large amounts of both estrogen and proges ^ 
excreted in the unne Urinary estrogens arc detectable as ea 
first w eek of pregnanc> and reach a peak just before partun 
of the unnarj estrogen is m the conjugated form a-s estno g 
and has little physiological activity as such progesterone is e 
in the unne as pregnandiol gljcuromde It is pre*=ent m firna Q 
22C 
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during the first third of pregnancy and then increases gradually until 
parturition. Both estiogen and progesterone practically disappear from 
the urine after parturition. 

Endocrine Functions of the Placenta. — There is little doubt that the 
placenta is an endocrine organ of considerable significance. The hor- 
monal functions of this organ are best understood in woman and the mare. 
Why these two species should have so much in common and why the 
other farm animals should differ so much from the mare is as yet unkno^vn. 
As already discussed, there is little doubt that the placenta can produce 
estrogens and progesterone. The importance of these hormones in preg- 
nancy is not clear. 

Perhaps the most remarkable activity of the human and horse placentae 
is the secretion of gonadotropic hormones which are very similar to those 
produced by the anterior pituitary gland. These gonadotropins are 
secreted by the chorion in the human and the endometrial cups in the 
mare and are referred to as chorionic gonadotropins or as anterior 
pitvutarylike hormones. In the human the hormone appears in relatively 
high concentration in the urine during the second v eek of pregnancy. In 
the mare the hormone is not present in the urine in easily detectable 
amounts but is abundant in the blood serum or plasma from the forty- 
fifth until about the one-hundredth day of pregnancy. This substance 
is frequently referred to as equine gonadotropin. The physiological 
response of test animals to the human and horse gonadotropins suggests 
that the human substance is most apt to cause luteinization and rupture 
of ovarian follicles and that the pregnant mares’ serum produces both 
follicular groirth and ovulation. The purpose of these placental gonado- 
^rcrpmsis no^ c’iear. In Vne marc during the period ol maximum gonado- 
tropin secretion the ovaries become extremely active and produce numer- 
ous Graafian follicles wliich may rupture and bo followed by corpora 
lutca. "Wliy the marc, a species in which more than one fetus cannot 
safely develop at any one time, should produce many follicles when 
pregnant is a biological mystery. Estnis and o\'ulation are not uncom- 
mon in pregnant females of other species but superfetation, the establish- 
ment of distinctly separate pregnancies, is a rare phenomenon. 

Pregnancy Diagnosis. — Tlic importance of knoiving ivliether pregnancy 
has been established cannot he emphasized too much. The cessation of 
flip J'cat_periodsJs nature’s first indication that conceptiouTias occurred. 
Vrogiuint animals fail to come in estrus because of tlio persistence of the 
corpus luteum of pregnancy and its inhibition of follicular development. 
In most iiwtancc.s the failure of cstnis to reappear is a reasonably reliable 
sign of pregnancy. Ilonevcr there are Bufficient violations of tliis rule 
to make it unreliable for tnaxtmum livestock-breeding efficiency. In 
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animals, particularlj the marc fpmalc cstrus mil not 

U the corpus lutcum persists m the nonprcj^ t f , 

follow The corpus luteum of J^U.shmcnt of the 

partuntion m cattle and swine may prevent the ^ 

estnial ejele The implications of ‘h>’ j f ^,„g pregnanej arc 

clear, therefore, that more exact methods of detecting v b 

''T^ticsmwhich manual evammation or palpa.™ofthen^ 

be made, a trained person L J This method is 

accuracy by the second or third month of ^ aiagnosis 

limited to the cow and mare It is an ‘ qualified 

and correction of infertility, but unfortunatelj 5^ 

diagnosticians cannot meet the n(^ fetal heart fetal 

such as the cerv ical sea.!, the ascultalion of pregnant animah 

menta increased size of the female, or the tendency P ^ passage 
to become quiet and to fatten are cither unreliable or require 
of considerable time before they are useful determination 

Numerous laboratory tests ha^c been dcMsed for found 

of pregnancy These are based on the different le^ els o ™ j-riedman 

in the blood and urine of pregnant females In the hu used- 

modification of the Ascheim Zondek test is the one g .^^10.6 

It is based on the gredtly increased amount ^ consists 

substance found in the unne of pregnant w omen The pro , ear 
of injecting 7 to 10 cc of morning unne into a mature fema 
veins at tn o 12- to 15-hour intervals The rabbit is then ^ence 

end of 48 hours and the ovaries removed for examination g^positn® 

of Bubserous hemorrhagic areas or corpora lutea constitu M 
reaction nhereas clear retention follicles inth no ggoancy 

signs of a negatl^ e reaction This test is positi\ e, in cases o p 
3 or 4 days after the expected date of the first missed menst ,ts 

Smee estrogen IS also produced m increased amounts during P*^®^ginears 
presence m unne, as determmed by estrual changes m the vagi 
from rats, is also used to determine pregnancy . 00 ?" 

In the mare pregnancy may be detected from the fortie 
hundredth days of gestation by injecting the mare’s serum in o i 
female rats A positn e reaction is manifest by mcreased size an 
of the rat ovanes and uterus because of the increased 
hormone m the blood of pregnant marcs From the one-hun ^ grc 
of pregnancy until term sufficiently large amoxmts of or 

present m mare s unne to cause castrate female rats to exhi i 
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spayed mice to show certain vaginal changes when injected with urine 
of the pregnant mare. 

Many modifications of these basic tests have been made. It is possible 
to diagnose human pregnancy uithin 5 or G hours following the injection 
of urine into proper test animals. Various chemical tests have been 
developed for the detection of urinary estrogens in the diagnosis of 
pregnancy. Unfortunately, no practical laboratory tests for the detec- 
tion of pregnancy are available for farm animals other than the mare. 
This is because the hormonal patterns of the other animals differ from 
the horse. 

Other Endocrine Changes. — During pregnancy the pituitary gland, 
particularly the anterior lobe, increases in weight and activity. Since 
this gland regulates the activity of the gonads, thyroid, adrenal cortex, 
and mammary glands, and is of vital importance in growth, protein, 
carbohydrate, and fat metabolism, it is not surprising that it should be 
modified during pregnancy. 

In the human, and probably other species as well, the thyroid gland 
becomes markedly enlarged in 50 to 90 per cent of all pregnancies. 
Increased thyroid activity is necessary in order that the pregnant female 
may satisfactorily meet the needs of both her own and the tissues of the 
developing fetus. Insufficient thyroid activity may result in abortion 
or, in the case of farm animals, hairlessness, weakness, and high mortality 
during the first few days of life. Thyroid deficiencies are particularly 
common in the iodine-free areas of the United States, and livestock men 
in such regions supply pregnant females with iodized salt or potassium 
iodide to prevent the difficulties described. 

jTjlre piTfadi’rjTOfti w ^tccA uru /cuaitfeu? on (Jfre surface of or a«ijucent 

to the thyroid, are directly concerned with calcium metabolism and 
indirectly with the regulation of phosphorus metabolism. The increased 
needs of calcium and phosphorus during pregnancy and lactation result 
in increased parathyroid activity. If calcium is not provided in sufficient 
amounts, because of dietary inadequacy or underactivity of the para- 
thyroid glands, calcium will be udthdrawn from the bones and increased 
nervousness or severe muscular tetany may result. Milk fever, which is 
in reality tempomr}' calcium deficiency due to the sudden need of calcium 
for milk production, is most satisfactorily treated by the intravenous 
injection of calcium gluconate, which supplies the body needs until the 
parathyroids become adjusted to regulating calcium metabolism at a 
now level. 

Pseudopregnancy. — Among the most characteristic changes which 
occur during pregnancy arc cc.s.satioi\ of the cstrus cycle, proliferation.of^ 
the uterine endometrium, and development of the mammary^ glands. 
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Those phenomena aro ^ ^ ““\Xt.or.s nom'X" <1<!P™<>'"‘ 

nancy In the rabb.t, cat, nnd temt, .j, gtcrilc male 

- copulation In thc-c species, tollonmg ® ^ „ character 

mechanical stimulation of i,,ra,,^rolifcration of Itc 


Bti™ Oaaibtion, dciclopmcnl of the corpora 


istic Uaailalion, uei e,.,i --- • (,,^3 the repr^ 

endometrium, and mammary grouth occu , been csta^ 

ductive and mammary systems assume '’^"“"7 half the 

hshed In these three species '^^med In the 


hshed In these three species pscudoprcgnniie, „ed In 

normal gestation period, and eslnis “ j „luch corpora 

bitch estms IS followed by along P-="“f ‘'X fp ace or not Tbe« 

lutea persist This occurs Mhetl.cr “P"'“ ‘“J'” ^ ,,ppearanccs the 

IS ea-tcnsiae mammary dcaclopmcnt and from cate 1 PP 
ammal seems to be pregnant Pseudopregnancy cd by 

a period of time ertiial to normal gestation and “ 'nqncn J 
lactation Milk production docs not persist, houcacr. 


is allowed to occur occur in the f”"* 

Psoudoprcgnancy of the types described does not occ^^^ „ 

'vmmala Corpora lutea sometimes persist for P a lactatmg 
nonpregnant animals p vrticularl> high jp not occur 

s\Mne, but the other characteristics of occurt at 

Physiological Regulation of Partuntion -WTiy stones 

the moment it docs remains one of nature s >et unexp Qggjble to 


iment it docs remains one oi nunu« = .^possible to 

Dozens of theones ha%c been dcaclopcd, but as >ct i jie\vbora 

induce parturition at ill It is obvious that the survival o 
does not depend upon birth at a particidar moment ^ys 

for example, the normal gestation period extends from 
nor does the gross size of the fetus detcmime its on tbe 

The relative distention of the uterus pressure of the g^docnne 
cervix stimulation of the cervical ganglia and changes i 
balance may all contribute to the termination of pregnancy 
years there has been increasing evidence that the hormona r 
are the determining factor, but even endocrinologists m ill agre 
IS yet to be learned of this process Estrogen progesterone r^ 
the posterior pituitary oxytocic factor appear to be the c ic 
involved Dunng early pregnancy estrogen is conceme j^usc^® 
increase in size and numbers of cells in the uterine lining a ^ jjjjcy 
layers Since the uterus must be relatively quiescent during P that 
lest premature emptying take place it seems logical pljibit*®® 

progesterone is necessary for endometrial development and t e 
of utenne contractions The fact that pregnancy is usually c 
m the cow following removal of the corpus luteum lends supp ,yjtaO 
view The uterine muscle-stimulatmg factor of the postenor 
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gland (oxytocic principle) readily incrca&es uterine contractility under 
certain conditions, although thcie seems to be some doubt as to ndicthcr 
it is responsible for the initiation of uterine contractions at parturition. 
Since it is known that estrogen sensitizes the uterine muscles to the 
oxytocic factor, it is not surprising that the following theory has devel- 
oped: The increasing secretion of estrogen during the latter part of preg- 
nancy, followed by a decline in progesterone secretion, culminates in 
vigorous uterine contractions induced by the posterior pituitary hormone. 
This theory has much to commend it, but since its application will as yet 
not induce parturition at ■will, it can be accepted only with reservations. 

Rcla:cin.—Jn 1920 Hisaw' found that the blood scnim of the pregnant 
rabbit -would cause relaxation of the pelvic ligaments of virgin guinea 
pigs. The principle responsible for this reaction was later found in the 
blood of pregnant women, mares, and sows, and was extracted from the 
placenta and corpus lutcum. This substance W'as called relaxtn. Since 
relaxation of the pelvic region is characteristic of parturition, the possi- 
bility that this hormone has a vital role in the birth process should not be 
overlooked. Because of the wide variation in the source of relaxin, there 
w'as considerable controversy about its e.xistence and function. Recent 
W’ork of Hisaw ei ah (1944-1940) indicates that relaxin is a separate 
hormone and is not a steroid as arc the estrogens and progesterone. The 
uterus appears to be concerned in the production of relaxin and seems to 
be dependent upon progesterone in carrying out this function. 

Significance of Parturition to the Livestock Breeder. — The period of 
parturition is one of the most critical stages in the life of any animal. 
All the advantages gained in selecting genetically desirable and healthy 
parent stock and providinj^ the very best of environmental and nutri- 
tional conditions throughout pregnancy can be dissipated'at parturition 
through carelessness or ignorance. Heath takes a large toll during 
parturition. Some animals arc too weak to survive the birth process, 
others die because of mechanical injury or suffocation, and others are 
lost due to tho rigors of the environment. In still other instances the 
young and dam alike may subsequently suffer from damage and infection 
incurred during or following parturition. It is not the intent of the 
WTiters to train veterinary obstetricians but to describe the normal process 
of birth and the recognition of complicated or difficult parturition. 

Place of Parturition. — Because of the ever-increasing complexity of 
tho delivery' room in the modem liospital, we tend to consider tho devel- 
oi)mcnt of more and more elaborate maternity stalls as desirable. There 
is little experimental evidence to justify this view in practical livestock 
production. If environmental conditions are favorable and there are 
no known complications of delivery anticipated, by far the best place for 



232 

„,ares and cons to drop ‘'’“7“"“^;!:::’ ™ c" 'f 

order that there may be no doubt a^o ^ ,s a heavily 

adiaeent to the bam rs not considered a clean pas urc ^ 
wooded lot with grow thy underbrush from the 

cm range states cattle and horses ^ “'P ^ rccopuzed that the infection 

barns while giving birth, an^t has long , takes place m »' 

of the young is most apt to occur whc p practice are 

around ranch buddings The d ffieult birth mai 

uncertainty of weather conditions and ^ ‘ 

not be known until it is too ^^r ^ly close suneillance 

Dunng partuntion ew es should be kept selves m a bouse or 

m a lambmg pen, and sows should be shut ^ ^y 

pen With proper thought and care the adv antag g ^^^^d m the 

of livestock, from giving birth m the antage that assistance 

maternity stall or pen with the distinct added nd'anteg ™ 


...atermty stall or pen with the distinct anoeo aova-.s ^ 
can he given if it is required Maternity stalls or p ofTspnnS 

so as m give the highest degree of safely t^he dam and 
and the greatest degree of convenience to the ca'"^ constructions 

pen should be roomy, and there should he no parturition 

that might lead to miunes Mares soraetinies lie ^ this po^' 

\iith their buttocks against a wall and some breeder poors 

bihty by building false wJls that can be qu.cUy ml”? 

maternity stalls should be as wide as possible, ’" Ptder t P „„iotcd, 
to pregnant females Maternity bams or pens f “"W h® "' .eo 
easily cleanable and located where the animals circu® 

hear other animals with which they have been kept 


Under no c 

hear other animals wun wiiieu \.n^y 

stances should partuntion take place m a stanchion partuntio^ 

The hea^ y death losses which occur m s^\ me at or follow lufe f ^,0 

liave focused the attention of swine producers and e gbo^'^I 

this problem Surveys of these losses on com belt farms 

■ f aU pigs which are farrow ed are 


that at least 20 to 30 per cent of all pigs which are farrow to 

die within the first fe^v days of life Some of th^e 

nutntional deficiencies dunng gestation, others may haiege pr 

logic, or pathologic causes, and still others may be due 

chilling of the pigs As a result of these losses more innoj. 

been introduced to assist partuntion m the sow than m a g ,jj 

animals combined Most farrowing pens ha^e guard rai a pnistu*’*’ 

from the w all and 8 in from the floor to pre% ent the 

her pigs against the wall Concrete floors unless we nro'i^*^ 


her pigs against the wall tyoncretc iioors uuit»3 f’- 

heated, are usually best co\ ered ith planks or a plank plat jiie tc 

for the sow Ont* of the most effecti\e methods of reducing o ^ 


isuaiiy Dcsi co\erea AMin piaiih.s ui 4i eesd- 

Jor the sow One of the most elTecti\e methods of reducing o^^ 
chilling and crushing is to provude heated brooders or o^c 
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corner of the pen. This not only prevents chilling but provides a safe 
place for the pigs to lie when they are not suckling. The heat lamps, 
which are produced by several electrical manufacturers, provide a cheap 
but satisfactory source of heat for such brooders. The observation that 
BOWS usually lie with their backs uphill has led to the use of pens Avith 
sloping floors. Swine producers report reduced losses when such arrange- 
ments are provided. One of the ncAvcst developments is the use of the 
farrowing crate. Based on the theory that a sow which cannot move 
about freely or turn around would be unlikely to injure the newborn pigs, 
several types of crates Avhich itistrain the activity of the soav have been 
produced. Numerous swine producers in the Midwest used such con- 
trivances during 1949, and only time will prove their merit. That man 
is ingenious is apparent; whether he will be able to improve on nature's 
best conditions remains to be seen. 

Salutation. — All maternity stalls or pens should be built or arranged 
so that maximum advantage can be taken of the most efficient germicide 
and also the most efficient groAVth promoter know’n, viz., sunshine. 
Before putting any female into a maternity stall or pen, both the animal 
and the pen should be thoroughly Avashed Avith a disinfectant solution. 
The coal-tar disinfectants, such as cresol, are good for this purpose, a 2 
per cent solution to be used on the animal and a 5 per cent solution on 
the stall. The young arc quite likely to suck or lick A'arious parts of the 
mother’s body; therefore, her Avhole body, more particularly the teats, 
should be kept clean. The floor and walls should be scrubbed thoroughly, 
care being taken to Avork the disinfectant A^ ell into the cracks and corners. 
Fresh, clean bedding should be used, preferably straAV or hay rather than 
sawhu^ or ^avmgs, as eit^Acr o\ the "laUcr is quite fiu^y to get into 
the stomach or lungs of the newborn and cause inflammation. For sows, 
the hay or straAV must be short enough so that the pigs cannot burroAv 
under it, thus becoming hidden from view and running the risk of being 
/ trampled to dc.ath. 

If bmccllosis, contagious abortion, is known to exist in the cattle or 
swine herd, special care must be pven all maternity stalls. The genital 
discharges and fetal membranes of infected animals arc one of the most 
potent sources of spread of the disease to other animals and to the human. 
Any aborted material should bo reg-arded with suspicion and the cause 
of the abortion should be inA'cstigated by a A’ctcrinarian. 

Time of Parturition. — A very necessary condition for successful par- 
turition is that the breeder know Avhcii to c\pect it, and this picdicates 
the keeping of a record of the breeding of all females. The record book, 
coupled A\ith a knowledge of the normal gestation period and a sharp 
lookout for the unc.\pccted, will enable the breeder to have things in 
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readiness for the reception of the neT\born In some instances a knowl- 
edge of breeding date and of gestation period is not enough to ensuie 
that eveiytliing shall be in readiness, but without this information the 
case IS well-nigh hopeless 

If a stall or pen is to be used, the females should be watched with 
even moie diligent care than usual as the time for parturition approaches 
They should not at this time be subjected to sudden changes of any kind 
in feed, exercise, or care Moderate exercise is necessary to keep the 
muscles in good tone and to prepare them for the strain that lies ahead 
•Iho feed should be of a somewhat laxative nature — this point cannot be 
oxerstressod The droppings must be aiatched closely, and if, even m 
spite of proper selection of feeds, constipation dei elops, it must, for the 
safety and well-being of both mother and offspring, bo quickly remedied 
Feeds indicated at this time arc pasturage, silage, roots, legume hays, 
bran linseed oil meal, and ground oats In case of emergenej , linseed 


TAnix 17 — FsTnus— C fstation Helations 



Estrual cycle 
m days 

Gestation, 

days 

Ratio cstrual 
■ cycle to gestation 

Mrtc 

21 

336 

■m 

Cow 

20 

280 


Two 

10-17 

148-163 


Sow 

10 

112-114 



oil or cpsom salis maj be admiiuslcrcd An abundance of good drinking 
water IS also csscutud 

When bred, mum ih should be in fairlj thin condition, but the> should 
be gaming and should continue to gam alowlj all through the gestation 
IK nod, coming to the time of parluntion in good condition regarding both 
<iui0itj ind amount of flcsli Fxtremea m thinness ns well ns fatness 
should Ik- sedulous^ ouled 

The female should be scpvralcd from the herd at least 1 to 3 weeks 
licforo pirtuntion, so that dinger of xiolcnl contact maj bo asoidcd 
'Ibis will abo cniblc the hrcaalcr to watch more clo^-elj and amU proAidc 
opportunitx for the ammd to iKCome accustomed to the slaU or pen 
win re p vrtuntion ih to occur Anim iN arc iintur illj more or leas nen ous 
at (ins tiijH , and i( is iieocsfcirj th it CAm thing po'-sihle he done to aHiv 
(bur fears, winch comhites lot u*c of pirtunlion as wdl ns to the saft(> 
of the ncv\born 

Preliminaries to Partuntlon — Antmnls griimlK OMdence a loo-'ening 
of ' hgitmnlrtand mu-chstn (hi inhie region Ju^t prvAious lopirtun- 
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t.on, tos bcHR more not.«.blo m ‘”dTe 

iclaxe,, the tail nscs, tho nanka an P ^ ,„ tl,c,r middles 

enlarged abdomen drops hard and tender, rape- 

and start to make b ig, r'lth the mil cr S ^ es too great, 

eially m pnm.parac It tbe Most animals gne 

rt shonld be rebeacd by milking f ^ f „1 nortousnes. and 
evidence of approacbmg ? the con bellons, the cue 

ficUo appetites 'Ihe mare nhisk, her ^ the fetuses are 

bleats, and the son grunts P “"‘''''y- to touch « W 

often observable through the body nail ,ts fcllons, and 

restrained, the female at this 'e ™ th”h.ch to build a 

properly fed and cared tor, the act of partuntion cedure 

phshed nithout assistance Under these condition „ that all detail* 

for the manager or herdsman, after checking “P ,ct nature 

have been properly earned out, is to go „uch attea- 

take Its course Here again the happy medium ““ ‘j „us alike 
tion and too little should be the aim Medd’-^^- f „f partun; 


to parent, offspring, and oivner On the other ''“"P’ ' presence 

tien 15 rather a poor one to choose for a hohi^j Mere h 
at this time is often objected to by tho animal, /t ,,„g as loeS 

are particularly sensitive to human presence and n ill delay 
as possible if such persists Other animals, though not so ^ , of 

prefer seclusion at this time An occasional ''‘fk ° „,P ninvalu" 
events is always desirable and often profitable, and at this ti 
able asset is the animars confidence in her caretaker ^on- 

Parturition may be divided into several phases The nrs 
sists of the dilation of the cervix and the loosening of the P® ' of 

The second phase consists of the gradually accelerating of the 

the uterine and abdominal muscles causing the actual 
fetus The third stage is a continuation of the second 
contractions beginning to abate but resulting m the utei^' 

birth A convalescent phase covers several days during hic 
cervix, and pelvis gradually return to the normal nonpregnan ^ 

Labor pains set in from 1 to a fen hours before final e\pu pjioul®^ 
fetus They are mild at first, lasting from a fen seconds to 1 
nith intervals of 15 minutes between ‘Their tempo, dura i > 
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etiength are gradually accelerated. The animal becomes increasingly 
restless and nervous, shows evident signs of pain, and the skin becomes 
hot and dry. The pains are caused by rhythmic contractions of the 
longitudinal muscles in the vail of the uterus, -nhich in this way begin the 
dilation of the cervix to allow passage of the fetus. The dilation of the 
03 is soon followed by the contraction of all the uterine muscles, as well 
as the abdominal muscles and the diaphragm, the contractions being fol- 
lowed by a short period of calm for rest. The combined contractions of 
the uterine and abdominal muscles soon force out the fetal membranes, 
which act as an elastic wedge to open the passages gradually. After 
protrusion, the water bag soon bieaks, leleasing part of the fluid; and the 



Tin 74 — 'Normal position of calf in utcro (Trom U S Deparlmcnt oj AorxcuUuTe, Diseases 
cf Callle ) 

joung, ^^hich m the meantime 1ms turned firbt onto its side and then all 
the ^^ay o\cr onto its stomach, soon makes its appearance. 

Tlic duration of parturition varies in different species of animals, being 
in the mare normally from 5 to 30 minutes; in the cov, 1 to 2 houns; in 
the cN\o, 15 to 30 minutes for each lamb bom; and in the bo\\, 10 to 30 
minutes for each pig, nith sometimes an interval up to an hour betneon 
the pigs 

Tlip last stage of parturition consists of the expulsion of the fetal mcm- 
Immes, or afterbirth, and the man in charge should keep a careful natch 
to see whether or not tins occurs normally. This may follow soon after 
birth, but, if U is delajed more than 21 hours, or IS at the outside, slops 
sliould l)c taken to ascertain and olniatc the difnculty. Mljen expelled, 
the afterbirth should lie removed at once and luiried or burned If this 
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,s not done, many son s, con s and “”“he' mtart membranes, 

If, as sometimes happens, the young prevent asphyviation 

- « ■“ ■” 

”Cs of Presentatmn-The n:tehn”:e:!:r£ld W 

front feet first with the head^ting be n showing the least compb 

first, the first-named being the most usual reof fairlj 

cations The pelvic pimsage « f ““ large, honever, for 

easy passage of the iorefeet and hea ^ shoulders Aft« 

the largest portion of the fetus pause before the 

the head has passed the vulva, there ft J s over the 

much greater effort non required The dorsal ven and 

shoulders are compressed bacUard the tbomci ^ js passage 

elongated, -nhich diminishes its vertical diameter and p 
through the peh is ' The posterior portion of the fetus ge 
through the pelvis u ithout difficulty ^ollj and 

The normal hind-feet presentation, uith the ® presentation 

Its back uppermost, is not quite so favorabfo ^hing of tbo 

Birth usually takes longer uith this presentation, and the p 
umbilical cord may result in asphyxiation ^ buttocks 

There may be various types of malpr^entatious, “ a^^^^ 
presentation, back presentation alt four feet j^uires early 

Lme of uhlch are shoiiu lu Fig 75 Any "f S. part of »» 

recognition together u.th a lot of skill f d patience 
expenenced person in order to prevent the death of the 

''Assistance at PartunUon — It, after reasonable time ™d 

been expended a female appears to be making no P^ifcaa ■ n 

It 13 advisable that an oxammation bo made so that proper a ^^3 in 

be rendered before the animal has completely cxhaustecl parts 

futile efforts at expulsion For such an examination tbor 

of the xidva should be ivcll cleaned, the hand and arm sn 

oufihly cleansed and lubricated, and the fingernails cut s jicld 

proper precaution has been taken against mjurj', the h^ > noustj'p^ 

m a cone shape, is inserted into the \agma There may be x a 

of malprcsentations such as-onl> one front leg Mith the o gacrid 

back one hmd leg and the other stretched foruard, for®* 

presentation, head turned back on the side head protru mg 

legs retained all four feet presented, etc , fetu? 

The cardinal features m the work of correcting the up« 

arc cleanliness, quietness, gentleness, and persex erence, bac 
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course, bj lno«.led!,e, Aill, ftlteTraTbe 

strenelh for expulsion merely bemg lacking the IM „( 

pull exerted dou-nuard '“ThfpulUhould only be exertrf 

the peU IS and the position of the J oung h^P^ t„ main 

at the time the dam is m labor, nex er ^ abnormal presenta 

tain the gam that has been made ”®„„ara into the ntems, 

tion, It IS often necessary to push the yo™S » > ^anng the 

and this should be done gently and d“"ng tte r P j a 

labor penod A small clean rope can be imed to shp a^^^ ^ 

colt or calf, and a piece of ^o 9 mth lambs or p.P 

catch nnderthelonerjan the fetus often dies 

When parturition is unduly delayed or retard , tn a 

This may be due to Uists or knots in the nmbilical d or 

stay m L passage leading either to the stoppage of etal c. 
the depmmg of the fetus of a supply of oxygen “ both 
result IS likely to tollou Premature breaUng of t^ 
consequent utenno pressure on the fetm or the to V 
fetal membranes and the uterus of the jothe 

started, It should be expedited in exeij maimer ttotj n ^ ^ 

safety of the fetus The experienced care aker can olte ^ ^ ^y,od 
through his OM-n efforts, but there is no other t™e at lu^^ 
y etermanan can be of greater value the 5 ounS«« 

Care of the Young at Partuntion — U birth >s norma 

normal and vngorous interference is not adnsable <1 ' ,t not, s»®' 

be on its feet and sucking mthin an hour after birth, “ ' ,o 
assistance may be giyou so that the > “dr's ““ ,^se of t'rtu* 

nourishment The same applies also to lambs, ’ tion « r“®, 

the shepherd generally remoxes the first lamb P sons, 

pletc, xxhen both lambs are alloxxed to nurse In the , . 0 ^®”'' 

ad% isablc for the herdsman to be present at parturition m ^otil 

the pigs \%hen bom drj them and put them m a warm 
partuntion is complete, -when all arc allowed to nur^e av-out add>®^ 
Losses from \ arious forms of sterility are ee\ ere enough \ 
to them b> negligence at the time of partuntion Someti 
Rarj to rcmo\c the joung from the membranes so tha 
breathing, whereas on other occasions it is ncccssarj tor . 

«>««*>. nnfl nr^tnls Mani animal3 ai i 


breathing, whereas on other occasions it is ncccssarj tor . opparfO^ 

to rerao\e mucus from the mouth and nostnls Manj 

Ftillbom c.in Ixi in hicod to start breathing by slapping th^ 
the front legs and chest as in rcstonng a man who has 


the front legs and chest as in rcstonng a man who has % 

in water blowing into the nostnls tickling nostnls wit ‘ ^ 

If an animal isfctillbom Mgorous action on the part of t ca 
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oiten cheat death, as will protection from the elements for those which 
have safely arrived. 

Cleanliness of the stall, the dam, the owners’ hands, and any instal- 
ments which might be used are essential. As previously mentioned, the 
mother should be thoroughly cleaned before parturition. The mammary 
glands should be clean. Many livestock men dip the umbilical cord 
in iodine soon after birth to assist in preventing navel infection, or 
scours, but the most effective means, as stressed, are cleanliness of the 
surroundings. 

Many swine producers clip or remove the sharp “wolf” teeth of new- 
born pigs. Although these teeth appear to serve no useful purpose, their 
removal sometimes results in injury or infection of the jaws and they 
should not be removed unless they injure the teats of the sow. 

Care of the Mother at Parturition. — The general care and feeding of 
the parturient animal will of necessity vary w'ith the species and uith the 
local conditions. It is obvious that the requirements of a cow calving on 
pasture in June are quite different than a sow farroAring in January. 
XS^itbout attempting a treatise on management and nutrition, a few basic 
principles Avill be summarized. After safely delivering her young, the 
things a female needs most are rest and quiet, together Avith a moderate 
amount of temperate Avater. She should not be fed for 12 to 24 hours 
after parturition and should be started on feed very gradually. Gntels 
of bran and ground oats Avith perhaps a little linseed-oil meal arc good at 
' this time, together Avith a small amount of good-quality leguminous hay 
und some pasturage. The feed must be moderate in amoimt for two 
rcasotis; (1) A return to the normal condition of the dam’s system will be 
hmdered by ovcrlccding, and 1,2) the presence ol too much milk in the 
udder as a result of overfeeding is sure to cause scouring in the young, 
which is always a serious drawback lo normal health and growth. The 
wise herdsman never feeds a nursing female until he has observed the 
character of the droppings of the young, and at the first sign of scouring, 
the dam’s feed should bo reduced. 

One of the most common disturbnncc.s of high-producing cattle is milk 
fever. This condition is actually not accompanied by fever but is recog- 
nized at first bj' general depression of the cow, followed by ner\'ous 
excitation. Twitching of the muscles occurs and is followed by collapse 
and eventual lo-vs of consciousnes-s. Tlw^e symptoms arc caused by a 
subnormal amount of cidcium in the blood which is helicvcd due to the 
^udden dmin of milk secretion on the stoms of body calcium. It can be 
successfully ttwite<l by the inlmvenous administration of calcium glu- 
coiuite. Tor this raison it is unwise to completely milk cows following 



,,, nunnn^a a.b n,rnovF.usT of fAUV 

“ n It froni 

e,h.ng It .s necessary, honever, ™™„T'.n,nro the udder 

„n ciuarters m order that „,.ouW be nr.lked poor to 

There IS st.ll contror ersj an to nlietlK r c„„go,t.on, the rclrf 

caU inK If there is c\ idencc of catreme m imi 5 b pre- 

ot the pressure by the great \aluc of colos- 

partum milking is to be discouraged because ol g 

trumtothccilt 1 1 i,„ „ii™ed to get the dam back w 

In general ahout 2 u ecks should be allou ed ^g be 

full feed Mares can go back to light „ (jacaiise it 

eweised that the foal left m the stall cannot ha™ dsc I ,b„uld be 
he restless a itliout its dam When "X; ^ „are has b=e« 

alloa cd to nurse at midmommg and midafternoo 

cooled on, If uarm, and after her udder h-“ h^ t.enlarly if tbe'e 

It genital discharges persist t<'"‘>"'"®P'"^ fXon should not be eicr 

are bloody or foul smelling the possibility “' ’ “n’ genital evammal'"® 
looked With vahtablo breeding animals, ^ considcic<> 

by a veterinarian specialized in rcproduclitc pr ^ a ounce of pi®" 
a vise investment As the pros erbs ‘■‘H'*"" “™on or carl) correcU® 
vention' have prosed true, so too can the pay 

of gemtal disorders bo expected to incrcaM breed ng „utntie“f 

Feeding and Care of the Newborn -As knouledge of 

requirements of man and animals is gained, it bccoro ^ felt o» 

ficult to know when the effects of nutrition “^e t‘iem ^tatio”^ 
embryonic and fetal development It seems likely that the p 
care and feeding of the female can alicct the young It l ^pianea# 

that the anterior pituitary gland of the newborn call ca ^ da^aS® 
affected by vitamm-A deficiency of the pregnant A 

cannot be repaired by subsequent administration ol maoifesj 

possibility exists therefore, that malfunctions ^‘\een caus^^ 

themselves m a pregnant or lactating animal might na 
during the fetal development of the animal itself to ^ 

The importance of the proper nutrition of all animals ^^ytri 

used for breeding purposes cannot be overstressed o ^^t 1^® 

tional requirements are yet kno\vn but it goes without sa 
animals should be fed according to the recognized 

Assuming that the young are normal and vigorous at bit 
can do much to keep them that way For a time follow in gjst 

newborn mammals are dependent almost entirely upon mi 
milk produced follow mg parturition is quite different than or ^ j^jgb 
In cattle colostrum is about five times as high in protein ^ giobuh® ^ 
m fat and minerals as ordinary milk It is especially hig j,jous 
contains antibodies which tend to protect the young from '3. 
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organisms. Cattle colostrum contains ten times as much vitamin A and 
three times as much vitamin D as ordinary milk and over ten times as 
much iron. Although some species, such as the guinea pig, are apparently 
benefited little by colostrum, it is regarded as highly desirable that the 
farm animals receive it. If for any reason colostrum is not available, as 
in the case of animals milked prepartum or in the case of death of the dam, 
the young should be fed colostrum from another source. Many of the 
larger dairy farms preserve extra colostrum by quick free25ing in order 
that it vili be available for other animals- When colostrum is not avail- 
able, the young animal is frequently injected with whole blood from the 
dam. The purpose of this is to attempt to increase the antibody reserve 
of the newborn. 

It has long been recognized that in general the young of one species thrive 
better on milk of their own kind than on that of another species. Furthermore, 
the sooner after birth the milk of another species is substituted for milk of the 
same species, the more unfavorable is the outlook for the young animal. The 
results of some studies published by Bilck arc cited as indicating that some of the 
unfavorable effects so often obtained from feeding milk of another species may 
^^ell be attributed to qualitative rather than quantitative differences. In these 
experiroenta, cow’s milk and goat’s milk were fed to the young of several species. 
The different species did not react alike. Kids used both milks equally well, 
while calves reacted to goat’s milk with severe gastrointestinal disturbances 
which lasted as long m goat’s milk feeding continued. Pigs showed no disturb- 
ance on cow ’s milk but reacted to goat’s milk in a fashion similar to that obscivcd 
in the calves. Foals showed a stubborn dlarrlica when fed undiluted cow's 
milk but not the slightest disturbance on goat’s milk. Since the tivo milks arc 
verj' similar in percentage comjiosition, the results indicate the presence in tlie 
milk of fiubst.ances incompatible or toxic to the animals that reacted unfavorably. 
It is suggestctl tlnvt the incompatible factors are proteins. 

It is known that the prc.«cncc of a foreign protein undigested in the circulating 
blood is more or less toxic to an animal and may produce a sensitization to further 
additions of the foreign protein. It has been established that the newborn 
uwimal normally absoxlw considerable protein undigestc<l through the gjxstro- 
intWinal wall. Although this apparent pcrmc:ibility dccrcaswl rapidly after 
hirth, it probably docs not cease abruptly, since ns Ratncr has shown, it still 
tKTurs to fcomc slight extent in aliout 50 per cent of adults. The possibility 
of the absorption in the x'crj’ young mickling of appreciable amounts of undigcfitcxl 
and wnsitiring foreign protein might be a major factor in the incompatibility of 
the milk of one sjKvics fur the young of another.* 

I ho young of nil will lx* Ix’ltcr off if they are nllowcxl to micklo 

for at least 3 or I days. After thK they cwn lx* hund-fwl if desired, 
nhljough this is M'hhmr pmcliccxl except witli dairj' cnlve.s. Many nv.s- 

* l.xnu-, 1. v„ r,«Ml titjvl Ufr, {f.S Apr. V«irtool., p. WK 
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terns o£ feeding dairj cdtt 

vanous books and bulletins „,U,lo at tlio dam s 

Colts, cahos '"'‘'*„“frtli Ihcj should ll.cn be suppliod M.th 

feed m from 2 to i nceks “ l^,„ mntnrcs pretcrablj m a 

suitable fine roughage and .vit ^ miaturc of 2 

ernep to Minch the dam docs “ (s bran, and 1 part Imsccd- 

oarts cracked com, 4 parts crushed 41^ j-or cah es, 

0,1 meal by MOight ^ dcacloped and are available und« 

„.an> starters and meals ^ from such mgrcdients as 

trade names They can als l,nsecd-oil meal SirmHr 

com meal ground ^ ^ „ a,s^scrac for lambs and kids Tigs 

starters or home-mixed ratiotmM middlings, and protem 

may also be ted bomt^m.xcd be supptad 

supplements such ^ ™ ^ 38 p-irts, calcium carbonate, 39, 

a mineral mixture such 2 5. copper sulphate. 0 25, and 

sodium ^o'^M Tarts by MCight In order to prevent anemia m 

potassium ■T^,Sors naTt the som's udder daily M.th a solution of iron 
pigs many '’^TTfresh clmn sod or dirt uhero the little pigs can get it 
and copper or pla being the young must be comfortably 

For maximum poMdh properly fed both by 

housed m samtapr, pedorts To keep young animals on 

their mothers and throu^i hem PP, 

feed and gaming steadily tmm^o^ 

through experience animals do best it fed regularly , 

uumtionaremdispcnsab A y y^_^ 

° Toller r^or ”t of success being to keep them a little hungry 
aad look for mo j_.p ^ 1 ,p p, „,ded 

St yotg am ever to achieve the maximum of their mherent capa- 
. they lust get started early along the proper path and must be 

S Lvmg Normal healthy pamats are the first pmreqms. e, clean 
mlelity stalls the second, proper feeding and management of the 
lactatmg^ female the third The young themselves Mill soon (1 to 3 
weeks) Evidence a desire to cat something besides milk This dcsir 
should be satisfied not Mith shavings and saMdust but iiith good pastur- 
age finMUahty hay, and a suitable gram mixture Remember that 
^\hole milk and more especially skim milk la very high in protem 
Along w ith a suitable quantity and ciuahty of milk from the dam anc 
such other feeds as just mentioned should go a sufiicient amount o 
exercise preferably at pasture and in the sunshine 

Constructive breeding implies that records are to be kept With the 
young animal this starts at birth Among other things the record should 
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show the animal’s sire and dam, the length of gestation, the chai 
parturition (normal or otherwise), single or multiple births, weigl 
offspring, their general condition, number born ^veak or dead, i 
other pertinent data which will be of service wlien the breeder is i 
whether or not to breed the dam again or whether or not to £ 
offspring for breeding purposes. Parturition is a busy time 
herdsman, so that if he does not get his records then and there, i 
likely never to be secured. 

If the animals are to be marked in any way, it should be do] 
and before there is any chance of maldng mistakes. Pigs are 
marked by notching the ears; e.g., a notch in the outer edge of r 
stands for 1, outer edge of left ear for 3, inner edge of right eai 
and inner edge of left ear for 30. Lambs and calves are best ma 
metal tags, or calves by tattooing. If the tattoo fades, it can 1 
permanent in the other ear at about two years of age. 

Complications before Parturition. — Many complications co 
during gestation that will interfere with normal parturition, 
uterine pregnancies have been knoNvn to occur in the ovaries, ab' 
cavity, Fallopian tubes, the cervix, or the vagina. In human r 
these are usually recognized and are then removed by surgery, 
animals they are not readily detected in their early stages a: 
terminate fatally or eventually become aborted or mummified. 

Superfetation, the establishment of a second pregnancy in an 
alrc.ady pregnant, sometimes occurs. This is not so commo 
thought. The fact that twins or litter mates may be of uneq 
does not indicate superfetation but rather that differences in 3 
development occur. Other instances of true superfetation may 
recognized because the second fetus conceived may be expelled 
time of parturition of the first fetus without arousing suspicion. 
ever, there are authentic cases in which animals have given I 
normal young conceived and born at distinctly different times an( 
two normally spaced periods. 

Numerous developmental abnormalities have been observed, 
are of many types and probably have many causes. !Many c 
abnormalities are confined to certain organs, e.g., cleft palate, impi 
anus, etc., and do not interfere with parturition. In other cas 
monsters (teratoma) in the form of \inorganizcd tissue containii 
liair, teeth, nen-ous tissue may develop. 

In tlie human there arc numerous diseases and functional distu 
which have cither a direct or indirect effect on the course of prcj 
The farm animals arc not subject to many of these. The c 
genital diveascs have l>ccn discus-sed in another .section and will 
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mentiODcd hero Brucellosis m-vy result in abortion m cattle, B\i me, and 
goats In cons a microorganism Trichomonas jetus maj cause abortion 
Abortions due to Salmonella and virus infections ha\ e been reported in 
marcs and in sliccp and cattle Fiino fetus has been associated u ith 
abortion 

Gross nutritional deficiencies as a cause of gestational difficulties aro 
not common in the major li\cstocl -producing areas of the United States 
Of the specific nutritional factors nhich affect embryonic development, 
vitamin A and iodine dcficiencj arc the most common In the female 
gross \itamin A deficiency may be associated \\ith abnormal embrjome 
development and abortion Clinical iodine deficiency is more likclj to 
occur in ei\ea and sows than in coKs or marcs It manifests itself by 
the birth of weak or dead joung with enlarged thyroid glands and con- 
siderable edema (watery infiltration) of the ekm Hairlcssncss or wool- 
lessnesa may occur 

One of the most spectacular complications of gestation is pregnancy 
disease of sheep This is not a transmissible disease but a metabolic 
disturbance Affected ewes first appear listless, refuse feed, and become 
progressively weaker ithin 1 or 2 days they become unable to stand 
and for this reason the term parlunent parolym is used Tlic condition 
usually appears m the last month of pregnancy and ewes carrying twins 
or tnplets are most apt to be affected About 90 per cent of affected 
animals die The condition is thought to bo duo to poor feeding and lack 
of esercise 

Accidents caused bj slipping crowding through narrow doors or gates, 
fighting or general mismanagement may cause death or premature expul- 
sion of the fetus 


Complications at Parturition — Partuntion may be complicated by 
anatomical abnormalities of the dam or fetus malprosentation muscular 
exhaustion or extreme excitation of the dam The proper physical con- 
dition of the female as parturition approaebra and her confidence in the 


herdsman will do much to facilitate the process 

Difficult labor is called dystocia and its correction calls for experience 
and skill The interference of an inexperienced person in a truly abnor 
mal delivery is very apt to result m death of the fetus and serious injury 
or death of the dam Perforation of the uterine wali by the feet is 
^most sure to be followed by pentomtis Pulling when pushing is called 
for IS apt to tear the genital organs or cause prolapse of the uterus or 
rectum The skilled obstetrician sdilom resorts to strength alone If 
he problem is one of malpresentation it is frequently most successfully 
™erS„n " f » local or general anesthetic If a Caesarean 

operation is to be performed it should be done before the animal is 
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exhausted or injured. In those rate instances when the fetus must be 
dismembered in utero, only the most experienced should be allowed to 
perform the task. 

The breeder of valuable animals is concerned not only with the loss of 
one offspring, or litter, but with the lifetime breeding performance of the 
dam. Parturient injury followed by sterility is an expensive price to 
pay for carelessness or ignorance. We urge, therefore that no time be 
lost in securing a skilled veterinary obstetrician when conditions appear 
to be abnormal. 

Complications Following Parturition. — ^The strain involved in parturi- 
tion plus the avenues of infection that are automatically opened by it 
render the dam particularly susceptible to complications following par- 
turition. They may take many forms, from retained placenta, hemor- 
rhage, eversion of the vagina, uterus, or bladder, to lesions in various 
parts of the genital tract or the invasion of the tract by various organisms, 
causing inflammation of the uterus, cervix, or vagina, often accompanied 
by the formation of pus. In addition, milk fever, septicemia, paralysis, 
convulsions, and many other abnormal or diseased conditions may follow 
parturition. Surely the lot of the dam at this time is not an enviable 
one. The least the livestock breeder can do is to use all the precautionary 
measures regarding feed, care, and sanitation he can lay hold of and not 
begrudge or delay too long in getting the best skilled attention he can 
secure uhenever it becomes necessary to have it. 

Summary. — In this chapter we have discussed the role of hormones in 
the establishment and maintenance of pregnancy, and the causes and 
processes of parturition. Understanding something of the complicated 
process should malre us, as livestock breeders, a bit more appreciative of 
the dam’s situation during this critical time. With intelligent care and 
forethought, most of our animals can be brought through parturition 
unscathed and their offspring gotten off to a good start on the road to 
their eventual service in production or reproduction. We have seen that 
the process of parturition is often beset udth a multitude of complications. 
If V e are going to succeed in livestock breeding, we must leam to handle 
our animals intelligently at this time — the time and process on which the 
whole btnieture of animal breeding ultimately rests, for it has to do with 
the safe induction into the ■world of the animals that we hope our genetic 
planning and selection have given a good chance of being superior to 
their forebears. 
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CHAPTER IX 


MAMMARY DEVELOPMENT AND THE INITIATION OF 
LACTATION 

The mammary glands are, to the zoologist, the distinguishing charac- 
teristic of all mammals; to the physiologist, an integral part of the female 
reproductive system; and to the dairyman, practically a way of life. 
There are Avide differences between mammals in the anatomy and physi- 
ology of the mammary system. These range from the egg-Jaying mam- 
mals, such as the duckbill platypus in which the young scoop up the milk 
as it exudes from nippleless mammary areas, to the highly developed cow 
producing in excess of 30,000 lb. of milk annually without ever seeing her 
calf or its sire (if artificial insemination is practiced). 

Embiyological and Fetal Development. — The mammary glands are 
generally regarded as modified sweat glands. They originate as integu- 
mentary ingroAvths in both sexes, but as fetal development progresses, 
the rate of mammary differentiation is more rapid in the female. In 
cattle the first evidence of mammary development is the appearance of a 
band of cells on the ventral surface of the embryo posterior to the umbili- 
cus. The single band of cells soon divides into two parallel bands, and on 
each band two budlike areas of cells appear. Each mammary bud under- 
goes rapid growth and soon differentiates into a teat. In cattle there are 
ordinarily 4 mammary glands and 4 functional teats. In other species 
the number of teats and glands characteristic of the animal are pro- 
liferated along the mammary bands. The outstanding features of fetal 
development arc the development of a canal in the teat (the teat cistern), 
a larger cavity at the base of the teat (the gland cistern), and a few ducts 
leading away from the gland cistern. Those structures will later give 
rise to the duct system of the udder. 

Prepubertal Development. — ^Tlic functional mammary gland will con- 
tain connective tissue, fat, a duct system, a lobule-alveolar system, and 
large numbers of blood and lymph vessels, ncr\'es, and smooth muscle 
colls. The period from birth to puberty is chiefly a period of incrca.scd 
connective tissue and fat deposition. The udder docs increase somewliat 
in size, and there is a suggestion as to its future shape, but the amount of 
duct growth is very limited. In dairy cattle Swett and Matthews (1935 
and 1912) reported that there is greater duct growth in calves whiclj later 
240 
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prove to be higb producers than that m low producers Ho\%ever, the 
limitations of a gross examination foi the estimation of future micro- 
scopic changes make it difficult to estimate the probable eventual output 
of the mammary glands 

Postpubertal Development — There are marked species differences in 
the extent of mammary development of the sexually mature but non- 
pregnant female Such factors as length of the estrual cycle, function of 
the corpus luteum, and seasonal breeding patterns all contribute to the 
differences In the mouse, which has a cycle of 4 to C days, there is 
marked duct growth until about 70 days of age but little further duct 
growth from 70 to 100 days unless pregnancy is established (Gardner and 
Strong, 1935) In the cow, which has an estrual cycle of 18 to 21 days, 
de\ elopment of the duct system begins at puberty and continues more or 
less rhythmically pnor to conception (C W l^mer, 1939) There is 
more complete mammary development m the human pnor to pregnancy 
than in other mammals Duct growth is very extensive, and there is 
some evidence that ah eolar proliferation may occur (C D Turner, 1948) 
Mammary Changes durmg Pregnancy — In most mammals the first 
half of pregnancy is devoted to the completion of the mammary duct sys- 
tem and the proliferation, at the extremities of the ducts, of the lobule- 
alveolar system The chief purpose of the ducts js to transport the milk 
The true secretory function of the udder is carried on by the secretory 
epithelium of the alveoli Thus, anatomically at least the mammary 
sj stem IS prepared for lactation by the mid-point of pregnancy 
During the last half of gestation there is an enlargement of the alveolar 
epithelium, and the lumina and ducts become distended with secretion 
As parturition approaches the degree of distension becomes greater and 
the udder may be extremely congested The fact that the udder does 
not increase m size noticeably until the latter part of pregnancy led to the 
belief that maximum mammary groirth occurs at this time It is now 


clear that cellular proliferation characterizes the first part of gestation 
and ceffular hypertrophy and secretion the latter part 

As previously discussed abortion or proper mechamcal stimulation is 
usuaUy foUoued by milk secretion after the middle of pregnancy The 
failure of animals to reach high levels of production in such cases is prob- 
ably attnhutable to msnnicient hormonal stimulation for secretion rather 
tlian incomplete anatomical development of the gland 

Mammary tuvelution -Although the udder ,s regarded as a highly 
efficient organ, it does not function nt masimum capacity for long In 

ilj , and no sooner the peak reached than deehne begins This u ould 
he evplained m n ilurc on the basis of the needs of the calf But by sclec- 
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tion, the cow (or man) has achieved a level of secretion far in excess of the 
calf’s requirements. The decline in secretion is the result of wear and 
tear on the mammary system (involution) and changes in hormonal and 
nutritional relationships. In fact, anything which affects the well-being 
of the cow will be reflected in mammary performance. As lactation 
progresses, the numbers of actively secreting epithelial cells and their 
degree of activity decline. The microscopic appearance of the udder of 
the dry, nonpregnant cow is very similar to that of the virgin. The 
reestablishment of pregnancy is necessary to stimulate both mammary 
growth and secretion in such an individual. 

Endocrine Regulation of Mammary Development. — There is rather 
general agreement as to the cellular changes which occur as the mammary 
glands develop. Itds true that there are wide species differences in the 
rate and type of development, but competent anatomists agree as to the 
structures which are present at particular times in the various species. 
However, there are few body systems whose functions have been ejqjiained 
by as many different theories as the mammary glands. 

During the nineteenth century, when the nervous system was recog- 
nized as the chief coordinating agency of the body, it was believed that 
both the development and function of the mammary glands wore under 
nervous control and that there were nervous pathways between the uteiiis 
and the mammary glands. This was disproved by such procedures as 
the severance of the central or peripheral nerves and finally by the graft- 
ing of mammary tissue to other parts of the body. The development and 
function of such grafts clearly showed that the nervous system was not a 
primary regulator of the mammae. 

It had long been Imown that sexual maturity was followed by some 
.mammary growth in most species and that final development and milk 
secretion were dependent upon pregnancy and parturition. The dis- 
covery that the ovary was both an endocrine and gametogenic organ soon 
led to the conclusion that the mammary glands were under endocrine 
control. The exact nature of the endocrine mechanisms involved is not 
yet agreed upon. 

As cited by Trentin and Turner (1948), Allen el al, Laqueur et ah, and 
Turner and Frank showed that the estrogenic hormone prepared from 
follicular fluid would cause development of the mammary duct system. 
It was then found that corpus lulcum extracts in combination with estro- 
gens would induce alveolar growth. As a result of these studies, it was 
concluded that c.strogcn wa.s responsible for mnmmarj* duct growtli and 
that progesterone, preceded by estrogen, resulted in the proliferation of 
the alveolar system. It was recognized, however, tliat complete mam- 
mary dovoloj)mcnt could !>e induced in the guinc.a pig witli estrogen alone. 




marj growth btimulatmg hormones A new theory was developed m 
w Inch duct grow th w as accounted for bj the secretion of the mammogeme 
duct growih factor and lobulc^h colar de\elopmont was attributed to a 
second anterior pituitarj maminogemc hormone {Gomez and Turner, 
1937, 1938) 

Agreement has not jet been reached as to whether estrogen and 
progesterone act dircctlv upon the inammarj gland causing (1) duct 
grow th and (2) lobule-al\ colar dilTerentiation or w hether these hormones 
htimulvtc the anterior pitmtarj gland which m turn causes mammarv 
des olopment 

In the normal guinea pig and goat and to some extent in the human 
and monkcj, estrogen done induces duct and lobule-al\ colar growth 
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(C. D. Turner, 1948). In cattle the natural estrogens produce only duet 
growth, but stilbostrol, a synthetic estrogen which has not been found in 
nature, induces complete mammary development and sometimes copious 
lactation (Espo, 194G). 

The present status of the mammogen theory was summarized by 
Trcntin and Turner in 1948. It was concluded that the active pituitary 
factor is associated with the protein fraction rather than -with the lipid 
soluble fraction as previously reported. It was further concluded that 
the present evidence docs not warrant the conclusion that there are two 
separate mammogens, but that they should be considered as the same 
pituitary factor. In an extensive series of studies of mammary develop- 
ment of the male mouse, these authors found that continued estrogen 
injection caused marked duct growth and some alveolar development in 
normal male mice. Combined estrogen and progesterone treatment was 
much more effective than either hormone alone at the same dosage. 
However, when the pituitary glands of male mice were removed, estrogen 
produced little mammary growth and a combination of estrogen and 
progesterone resulted in slight duct growth (Trentin and Turner). 

Thus, in 1949, there are at least two distinct theories for mammary 
development. One of the most serious criticisms of the mammogen 
theory is the fact that percutaneously applied estrogens have been shown 
to have limited local effects when applied to single mammary glands in 
mice, rabbits, monkeys, and other animals. In other words, the applica- 
tion of estrogen to one gland does not affect neighboring glands. If the 
effects of estrogen were through the pituitary, all glands would be e-xpectod 
to respond (C. D. Turner, 1948). 

A wide variety of substances has been shown to either directly or 
indirectly affect mammary growth. Extensive stimulation has been 
obtained in normal and castrate male and female rats following androgen 
administration. In the human male enlargement and tenderness of the 
'mammae are not uncommon at puberty. Extensive mammary develop', 
ment and lactation can bo induced in males by appropriate hormono 
treatment, and it is not uncommon for considerable milk secretion to 
occur spontaneously in male goats. Abnormal mammary growth, includ-. 
ing cancer, is one of the serious problems in human medicine. The exact 
cause remains as yet obscure, but several chemical substances which will 
induce experimental carcinogenesis arc knowm. 

THE INITIATION AND MAINTENANCE OF LACTATION 
The Lactogenic Hormone. — ^TliO hormone responsible for the actual 
initiation of milk secretion following the anatomical development of the 
mnmmary gland was discovered by Strieker and GrQcter in 1928. 
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These Trench ph\ siologists found that anterior pituitary extracts nould 
induce milk secretion in pseudopregnant rabbits and later shoned that 
such extracts nould bnng about milk secretion m dogs, cons, and snine 
it the mammae n ere propcrlj det eloped The specific anterior pituitary 
hormone responsible for the initiation of lactation has been called galaclm, 
prdadm, and the lactogmic hormone The last tno names are in nide 
general use 

The lactogenic hormone has been isolated from the antenor pituitary 
gland in rather puro form It is a protein uith a molecular u eight 
between 22,000 and 32,000 and because of this fact is not hkely to be 
fcjnthcsizcd in the near future 

Ihis hormone has a rather wide \anet 5 of effects in different species 
In pigeons it stimulates the secretion of crop milk, depresses ovanan and 
testicular acti\ itj , w lU induce broodj behav lor increases metabolic rate 
and e\cn stimulates growth of the intestinal tract In mammals the 
lactogenic hormone is pnmanly concerned with the initiation and mam 
tenance of milk secretion, but it may likcinse play some part m parental 
instinct 


It IS well known that the lactogenic hormone everts its greatest effect 
fchortlj after p irtuntion and that the lactogen secretion of the anterior 
pituitarj declines as lactation progresses It has been shown that daiij - 
cattle pituitanoa contain more of the hormone than those of beef cattle 
and tlut pregnant cons have more than do cab os (Reece and Turner, 
1937) The factors which arc m\ol\ed in the actual initiation of lacta 
lion and its maintenance at optimum leads have recently boon reinvesti- 
gated b> ‘Meites and Turner (1948) 

Determinations of the hetogeme hormone content of the antenor 


pituitarj glands of various species have shown that it is present m only 
small amounts dunng prcgnnncj increases slightlj shortlj before par- 
turition, and IS secreted m large amounts immediatelj following partun- 
tion It h IS l>cen shown ih it the injection of estrogen os foUoued by a 
marked increase in pitnitarj lactogen but that when progesterone is 
administered simultaneous^ the pituitarj response is mlubited As pre- 
Mousb described, both estrogen and progesterone are secreted during 
pregnanej It is believed that progesterone is dominant over the 
estrogen dunng most of pregnanej but that at the approximate time of 
p irtuntion «trogcn liecomes dominant, the lactogenic hormone is 
K-cretoil bj the unlcnor pitmtarl m amounts, and lactation « 

initiatwl (Mcites and Turner, 1018) 

The mnmtra-mcc ot a h.eh rate of milk cocrction tollonmg pariunt.on 

M to tlio producen. of 
all farm mamm dr 1 he morl otiuiandiiiK dam cona are perxislcnt milk 
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producers. The rate of decline of lactation is slow by comparison -with 
the average or inferior cow. It appears logical to assume that the late of 
decline is in some way related to the level of secretion of the lactogenic 
hormone. The correctness of this assumption has been borne out by 
experimental evidence, but the exact nature of the controlling mechanisms 
is not wholly understood. 

It is well knoAvn that the removal of milk from the mammary glands is 
quicldy followed by the secretion of more milk. If millc is not with- 
drawn, involution of the udder sets in. It has been shonm that the suck- 
ling stimulus increases the secretion and discharge of the lactogenic hor- 
mone by the pituitary and assists in the maintenance of the mammary 
gland in a functional condition (Meites and Turner, 1943). 

Other Hormones. — Milk secretion is a complex function requiring the 
cooperation and cooidination of all the body organs and systems. High 
milk pi oduction cannot be attributed to any one factor, such as mammary 
size, level of lactogen secretion, feed capacity, nutritional status, or a 
single gene. 

Of the hormones other than estrogen, progesterone, and the lactogenic 
hormone, those of the thyroid and adrenal glands are probably next in 
importance. 

The thyroid gland, through the mediation of its hoimone thyroxine, is 
chiefly concerned vith the regulation of general body metabolism. The 
lemoval of the thyroid in the lactating animal is followed by a rapid drop 
in milk production. In contrast, the administration of thyroxine during 
the declining phase of lactation is frequently foUoAved by increased milk 
ptoducUon and an increase in the fat content of the milk. The discovery 
of a relatively simple method of producing thyioxine by the iodination of 
casein has led to extensive studies legarding the possibility of increasing 
millc production by the feeding of such thyroidally active compounds 
(Reineke and Turner, 1942). lodinatcd casein is usually referred to as a 
thyroprotein and has been shown to contain about 3 per cent thyroxine. 
The place of thyroprotein in practical milk production is not yet clear. 
Experimentally, it has been shomi that the addition of thyroprotein to 
the rations of dairy cattle during the declining phase of lactation may 
increase milk pi oduction as much as 20 per cent and butterfat production 
as much as 25 per cent for short periods of time. Many factors may afTcct 
the results. Some cows respond more than others, and some animals 
may not respond at all or even adversely. It must be recognized that 
thyroxine has a marked effect on tlic processes of metabolism and the 
circulatorj' and respirntorj* sy.stems. Excessive stimulation is usually 
followed by considerable w’eight loss and eventually by decrcjuscd milk 
production. In cattle in which suboptimum thyroid activity is limiting 



2oG 


BREEDING AND IMPROILVEM" Of F iR^^ AM^fALS 


milk secretion the judicious use of thyroprotcin iiould seem to offer 
possibilities for increased production 

The adrenal cortex (outer portion of the adrenal gland) is ordinarily 
regarded as essential for the maintenance of life itself It is not sur- 
prising therefore, that the removal of the adrenals m a lactatmg animal 
IS followed by the cessation of lactation The hormone, or hormones, 
secreted bj the cortical cells are concerned with normal carbohydrate 
metabolism, the distribution of electrolytes, and normal kidney function 
The interference wnth any of these functions could be expected to influence 
lactation 

Tlie parathyroid glands are concerned with calcium and phosphorus 
metabolism and skeletal de\elopment and thus indirectly with skeletal 
muscle irritability and milk secretion One of the most dramatic dis- 
orders of farm animals is milk fc\er m the cow This condition is in 


reality, not a fe\er, but hypocalcemia It occurs almost exclusively m 
high producing dairj cattle shortly after calving and is apparently the 
result of the grcatlj increased requirements of the lactatmg animal for 
calcium It IS a \ cry senous metabobc disturbance and may result m 
death unless prompt treatment is gi\ en The ongmal treatment for the 
condition, the inflation of the udder w ith sterile air succeeded because 
the air pressure thus created inhibited milk secretion and gave the am 
mal time to adjust its calcium metabolism The presentl> recommended 
treatment is the intra%cnous administration of both calcium and glucose 
Although the basic cause is not completely knoA\-n it is thought that the 
parstlij roid glands arc in\ oh cd 

The Ejection or “Let Down” of Milk — Dunng the nineteenth centurj 
it was gencrallj hclie\ed that the greater part of the milk was secreted 


dunng the milking process as the result of the ncr\ ous stimulus produced 
b> manipulating the udder This \iew is still widely held by dairymen 
As the result of lmp^o^ed techniques for studying the factors affecting 
milk secretion it is now definitely known that nearlj all of the milk is 
present in the udder prior to milking It lias likew ise been established 
that milk IS bccrcted most rapidly immediately after milking when the 
udder IS empty As the udder fills with milk the pressure within the 
ducts and aheoh increases and results in decreased secretion As pre- 
Mously cvplaimd the pressure which is de\ doped in the udder by the 
introduction of sir m the treatment of milk fe%er clTecti%cly stops the 
secretion of addition il milk nerj dairyman knows that the most cffec- 
li\c way to dry off a cow is to stop milking her, although he sometimes 
hesitates to do po for fear of injuring the udder 

Produce the expected amount of milk at a 
partieul milking although the udder appears to contain more Under 
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these conditions it is frequently said that the animal has “held up” her 
milk. This is very annoying to the practical dairyman, and he has been 
Ivno^vn to resort to various drastic measures to make the cow “let dovm” 
her milk. Most of these measures are ineffective because they are in 
opposition to the physiological principles involved. 

We know now that a cow cannot “hold up” her milk but that she can 
fail to “let it dovn.” 

The greater part of the milk secreted is stored in the millions of alveoli 
which make up the secretory systern. Small amounts of smooth muscle 
are associated with each alveolus, and it is necessary for these muscles to 
contract if milk is to be forced out into the large ducts. 

This problem has been ejcdensfvefy investigafed by Ely and Peterson 
(1941) and others, and it is now accepted that the “let do^vn” of milk is a 
reflex act involving sensory nerves which stimulate the posterior pituitary 
gland which in turn secretes a hormone (the oxytocic factor) which 
stimulates the smooth muscles around the alveoli and results in the ejec- 
tion' of the milk. 

The production of maximum quantities of milk requires that the milk 
be removed from the udder as soon as possible after the hormonal “let- 
do\vn” stimulus' has been given. These principles are being widely 
employed by dairymen and are the basis for the various techniques of 
“fast milking” which are being advocated. The natural “let-down” 
stimulus is, without much doubt, the crying of the young and the suck- 
ling act. Dairy cattle have come- to associate many other stimuli vith 
milking. Such factors as bringing the animals from past'ure, the rattling 
of milking machines, movements of feed trucks, washing the udder, or 
oven radio programs which the milkers tune in, stimulate the posterior 
pituitary and cause milk ejection. The normal stimulus may be easily 
interfered with. Changes in the animals’ routine, strange noises or ani- 
mals in the bam, mistreatment of the cattle, etc., may prevent the normal 
pituitary response. Ely and Peterson (1941) reported that events which 
frighten or disturb cattle probably Cause the central portion of the adrenal 
gland (medulla) to secrete adrenalin, which in turn inliibits the normal 
action of oxytocin on the muscles surrounding tho alveoli. There is 
considerable evidence available in a wide variety of species that fright 
or emotional stress results in the almost instantaneous rclciise of epi- 
nephrine (adrenalin) into the blootl stream. 

From the practical standpoint it appears that the hormonal stimulus 
for “lot down” sometimes is lost before milking is completed. If. for 
example, a cow as.sociates the wiusliing of the udder witli immediate 
milking, delay in milking may result in dccrc.'ised production. ICxperi- 
ments in which the oxytocic hormone has been injected showed that its 



2d8 


JinrEDI\G A\Z) nIPIiO^ EME\T OF FiR^r AMMALS 


effects disappear m about 10 minutes The understanding of the proc 
esses of milk secretion and ejection are of considerable importance m 
dair>ing 

Summary — c ha^ e considered the mammary glands as an integral 
part of the female reproductue sj&tcm Eelatnelj little mammaiy 
de\ elopment occurs prior to puberty After the establishment of o\ anan 
function there is m most species grou th of the mammary duct system 
Uthough tl ere are some species differences the de\ elopment of the 
lobule aUeolar sjstcm the secretory portion of the gland auaits the 
establishment of pregnancy Dunng the first half of pregnancj the 
ah colar tissue is formed and the gland is anatomically readj for secretion 
There is a difference of opinion as to the exact means of hormonal regula 
tion of mammary dc\ elopment but it is clear that estrogens and pro- 
gesterone arc both m\ohed Whether these substances act directlj on 
the mammarj gland or through the anterior pituitary is not agreed upon 
The udder appears to grou rapidly dunng the latter part of pregnancj 
but w c now know that this is the result of the distention of the gland wath 
secretion The actn e secretion of the mammae awaits the production of 
the anterior pituitary hormone lactogen or prolactm This hormone is 
usualh secreted in maximum amounts shortly after parturition Eaen 
though the mammarj glands may be fully developed and m active 
secretion the animal must be m a proper phjsiologic or psjchologic 
state for the ejection or let down of the milk This process is now 
reg mlcd as a reflex act im oh mg sensorj nerv es which cause the posterior 
pituitarj to produce exj^toem which m turn brings about the contraction 
of smooth muscle cells in association with the aheoli and forces the milk 
into tl c duct bj stem v\ here it can be easily remov ed by the young or b j 
tiic milking act 
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ARTIFICIAL INSEMINATION 

Tcv, 'id\ ancp-^ m methods of In cstock production h v\ c liccn so rapidl} 
and cnthusiasticalU accepted ns the artificial insemination of dairj ‘ 

J\ol that the technique is limited onl> to d iirj cattle, hut economic and 
management conditions ln^ c made it opeciallj adaptable to this cl iss of 
animals in the Lnitcd States There arc certain situations Mhich make 
it equall j ^ aluablc m sheep, sn me, hotbcs, chickens, fur bcarcra, and e\ cn 
the human 

By definition, artificial mscminalion is the deposition of spermatozoa 
m the female genitalia bj instruments rather than hj natural scr\icc 
The term artijicial hreedms, which is now widclj used to dcscnlic the 
process has m the past suggested something unnatural or c\ cn repugnant 
to livestock owmers To some it has meant the solution of oU brccihng 
difficulties, the possibility of impregnating the entire herd at one time, or 
the regulation of sc\ To others it has suggested that the offspring 
might be weak or otherwise abnormal and man> farmers tra\elcd for 
miles to observe the first caKcs bom as the result of artificial insemina- 
tion When properly cmplojcd, artificial insemination has little effect 
on normal breeding efiicicney There arc rare instances of animals witli 
abnormalities pre\cntmg normal breeding which ha\c concci\cd follow- 
ing artificial insemination and there arc numerous instances in which the 
improper use of the technique has failed to bring about pregnancy It 
can be accepted as a fundamental breeding principle that females which 
cannot conceive following service to a normal male will not perform any 
better when artificially inseminated 

History of Artificial Insemination — ^Artificial insemination is not new 
Loessl (1934) relates a supposedly authentic account of an Arab chief m 
1322 who mated a pnzed mare with the stallion of an enemy chieftain by 
stealthily collecting semen from the stallion's sheath and successfully 
artificially impregnating his mare It is definitely known that Spallan- 
zani was successful in the artificial insemination of dogs m 1780, and 
Hunter (1799) produced a pregnancy m the human by this method 
Iwanoff a Russian physiologist began a study of artificial insemination 
in farm animals as early as 1899, established a laboratory for further 
investigation m 1909 and initiated large scale investigations and the 
practical application of the findingq m 1922 
260 
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in the intensive dairy states, the improvement of the daughters should 
be even more striking In Indiana, for example, the average milk pro- 
duction IS about 4,200 Ib and fat yield about 190 lb The use of proved 
sires with average indexes of 500 lb of fat should have a profound effect 
on the productivity of the daughters m this case We cannot assume 
that production will fall halfway between the index of the sire and the 
dam, for we do not yet know whether the owners of cows which produce 
200 lb of butterfat will make the adjustments m feeding and manage- 
ment which 350-lb cows require If butterfat production should be only 
half of that anticipated, the increase would still average 75 lb There 
can bo little question that the availability of the services of such proved 
sires at average fees of $7 per cow provides the average dairyman with 
germ plasm seldom if ever available to him before 

Allows More Sires to Be Proved — ^There is no one answ er to the 
question of whether only proved sires should bo used for artificial insemin- 
ation If all other factors were equal, there is little doubt that we would 
select only those males which had been progeny tested The supply of 
proved sires has never been sufficient to meet the demand The rapid 
increase m the use of artificial insemmation has resulted m very keen 
competition for the good individuals which are available As has been 
true m the past, many of the best males have gone to the slaughterhouse 
before their worth became known, and others are old and debilitated 
Many of these proved sires have fairly satisfactory fertility when used 
in limited natural service but have not produced semen of the quality 
essential for artificial insemination 


It seems logical to expect that in the near future artificial-insemination 
associations must undertake some type of a proved-buU program The 
chief nsk to Uvestock ow ners m proving bulls is that they might end up 
with a group of replacement animals inferior to the parent stock This 
nsk could bo distnbuted so widely by artificial insemination that even 
disappointing bulls would cause httle loss to individual herd owners 
If all members of local artificial-insemination associations bred a few cows 
to promising but untned >oung bulls the nsk would be negligible and 
the method of proof would be better than that now used Instead of 
haxing 5 or 10 tested daughters. We could expect a sire to have perhaps 
100 or more and m addition the results would not be unduly influenced 
by conditions m a single herd 


Eliminates Need of BuU m SmaU Herds -The on-ncr of a small herd 
is faccil Ith a great many problems in regard to the purcliaso and mam- 
tcnarico of a sim He cannot afford to buy the quality of animal now 
ataiUblo for artificial mscmmalion Ho lAcwuso hesitates to bmld the 
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kind of quarters necessary for safety in keeping the bull, to say nothing 
of conditions which will bo optimum for the maintenance of the male in 
good breeding condition. It has been shown that the actual cost of 
artificial insemination in herds of 10 cows or less is not so great as when 
a bull is kept. It is therefore safer and cheaper, and far superior from 
the breeding standpoint, for the smaller dair3nnan to adopt artificial 
insemination. 

Lessens Disease and Improves Breeding Efficiency. — ^These advan- 
tages can likewise be possible disadvantages if artificial insemination is 
not properly used. The selection and care of the bulls used for artificial 
insemination must be in the hands of people who are specially trained 
for such work. When proper precautions arc taken, the spread of 
genital diseases by the male should be virtually eliminated. The problem 
of reproductive disturbances in the female still is an important one. It 
appears that the interest which is being developed in the owners of 
artificially inseminated cows is already having its effect in the early 
detection and treatment of breeding difficulties. Improved systems of 
record keeping, plus the fact that every cow is closely observed dur- 
ing insemination, has been helpful in the early diagnosis of genital 
disturbances. 

Miscellaneous Advantages. — ^Artificial insemination is often of value 
in overcoming certain nonheritable physical difficulties. It facilitates 
the mating of animals of greatly different size; it extends the usefulness 
of sires that for some reason may have become incapable of performing 
natural service; it increases the use of males of monogamous species such 
as the fox; and it promises to be a useful technique in hybridization 
experiments. 

It usually results in the keeping of better calving and breeding records, 
and as previously mentioned, this is one of the prerequisites to better 
breeding efficiency. 

Artificial insemination should result in the development of animals of 
more uniform type and production and thus attract livestock buyers to 
a community. 

Perhaps, one of the outstanding advantages of artificial insemination is 
that it has stimulated greater interest in better livestock-breeding and 
management practices. There is little pride of accomplishment in the 
production of mediocre and inefficient animals. Dairy-extension men 
and county agents have found the introduction of artificial insemination 
to be followed by increased interest in methods of raising calves, the 
feeding and care of pregnant cows, and in dairy-herd improvement 
associations. 
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of conditions ■which will be optimum for the maintenance of the male in 
good breeding condition. It has been shown that the actual cost of 
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the breeding standpoint, for the smaller dairyman to adopt artificial 
insemination. 

Lessens Disease and Improves Breeding Efficiency. — ^These advan- 
tages can likewise be possible disadvantages if artificial insemination is 
not properly used. The selection and care of the bulls used for artificial 
insemination must be in the hands of people who are specially trained 
for such work. When proper precautions are taken, the spread of 
genital diseases by the male should be virtually eliminated. The problem 
of reproductive disturbances in the female still is an important one. It 
appears that the interest ■^vhich is being developed in the oumers of 
artificially inseminated cows is already having its effect in the early 
detection and treatment of breeding difficulties. Improved systems of 
record keeping, plus the fact that every cow is closely observed dur- 
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in overcoming certain nonheritable physical difficulties. It facilitates 
the mating of animals of greatly different size; it extends the usefulness 
of sires that for some reason may have become incapable of performing 
natural service; it increases the use of males of monogamous species such 
as the fox; and it promises to be a useful technique m hybridization 
experiments. 

It usually results in the keeping of better calving and breeding records, 
and as previously mentioned, this is one of the prerequisites to better 
breeding efficiency. 

Artificial insemination should result in the development of animals of 
more uniform type and production and thus attract livestock buyers to 
a community. 

Perhaps one of the outstanding advantages of artificial insemination is 
that it has stimulated greater interest in better livestock-breeding and 
management practices. There is little pride of accomplishment in the 
production of mediocre and inefficient animals. Dairy-e.\tcnsion men 
and county agents have found the introduction of artificial insemination 
to be followed by increased interest in methods of raising calves, the 
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associations. 



264 


BREEDI\G X\D nfPROVEVEW OF F IRV AM'i/ALS 


DISADVANTAGES OF ARTIFICIAL INSEMINATTON 

There are no disad\antages of artificial insemination -which cannot be 
o\ercome by the application of knowledge which is at present a\ailable 
Artificial insemination will not oaercome sterility or result m higher 
fertility than can be attained when normal healthy cows and bulls are 
mated The careless use of artificial insemination will result in lowered 
breeding efficiencj, and failure to follow stncfc sanitarj practices may 
result m the spread of disease These should not occur m a properlj 
managed association 

The conception rate immediately following the establishment of an 
artificial insemination association m a particular community is frequentlj 
lower than the pre\ious natural breeding efficiency It appears that this 
is most frequently due to inexperience both on the part of insemmators 
and owners The rapid acceptance of this method of breeding has 
resulted m a great shortage of trained msemmators It should be 
recognized that men the best conducted inseuunation schools cannot 
turn out a finished product m 10 days or 2 weeks The basic principles 
of insemination can be learned, but the development of an automatically 
smooth routine of insemination requires much practical expenenco 
Most msemmators require experience with about 200 cows before they 
become highly proficient The herd owners likewise need evpenence 
The detection of heat, observations m regard to the exact onset and 
duration of heat, the necessitj of calling insemination headquarters at 
certain agreed upon times of day, having cows which are to be bred 
readilj available for the mseminator, and cooperating in every way 
possible w ith the mseminator will do much to guarantee the success of 
the practice 

Some of the disadvantages or dangers which seemed important a 
decade ago have not matenalizod As far as is known, unscrupulous 
operators have not misrepresented the source of semen used The use 
of artificial insemination has not “ mined the purebred breeder Ifanj- 
thing the demand for good sires has increased Some associations hav e 
failed but the failures have usually been human ones rather than due to 
a lack of boMc knowledge of how to make artificial insemination work 

METHODS OF COLLECTING SEMEN 
Tlic ideal mcthwl of collecting semen is theoretically, one which is 
completed satisfactory to the male, which is easy to use which requires 
a inmimum of equipment and vvhich permits the coUcction of a sample 
of normally ejaculated semen free from contamination w itb dirt, bacteria, 
or secretions from the female gemtalia Many techniques have been 
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developed. Some methods are applicable only to certain species; other."! 
are too complicated in principle and practice; some do not result in the 
normal ejaculation of the male and the production of completely normal 
semen; and others yield semen that is diluted with vaginal and cendcal 
secretions and often hcamly laden with bacteria. 



Tiq 77.' — Diogrammatic artificial vn^ina for the collection of bull semen, 1. Outer rubber 
jacket, 2. Entrance for penis. 3. Warm water. 4. Heavy rubber band. 6. Water 
inlet. 0, Rubber cone. 7. Graduated test tube. 


The Artificial Vagina. — During the past few years, Russian, British, 
and American laboratories have developed a type of apparatus called 
the artificial vagina. Its principle and construction, whether for bulls, 
boars, rams, or stallions, is simple, and it meets all the requirements of 
the ideal method. The apparatus is made up of an outer tube or casing. 



Tia. 78. — Bulls can bo trained to mount a simply constructed dummy, 

usually constructed of hc.avy rubber, metal, or one of the plastics, and an 
inner tube, or lining, of thin rubber. Tlie space between tiie two tubes 
is usually filled with warm w.atcr or air or both; one end of tlio apparatus 
is open to allow the entrance of the penis and to tlio otlier end is attached 
a glass tube, or beaker, to cateii the semen after ejaculation. 
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Tho success uith uhich this method is used depends upon 
the operntor and the training o( the male, but most workers " 

thrmost satisfactory yet devised. The '1'. P™cnt si.ouM te e an 
sterile and dry before use. Males are very particular that the apparatus 
be of the correct temperature, pressure, and degree of lubrication, 
conditions tliat suit one male may bo unsatisfactory for a second Mr 
proper temperature is attained by introducing warm water (tO to O. 
for most males! between the outer and inner casings; the correct pressure 



i'lo 79 — Artificial vagina for Btallion. 


depends largely upon the size of the penis of the male in question and is 
usually regulated by introducing or releasing air between the casings. 
A small amount of special lubricant, which is commercially available, 
should be applied to the first fetv inches of the inner rubber tube, but 
the amount used should be kept to a minimum, for it is undesirable to 
have any excess lubricant carried through the artificial vagina andmixed 
with the semen. 

Males usually respond to this method without previous training. 
Best results are attained when the male is allowed to mount an estrus 
female and the penis quickly guided into the open end of the artificial 
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vagina. If the proper temperature, pressure, and degree of ubncation 
have been maintained, ejaculation is instantaneous m the bull and ram 
and is vei y shortly initiated in the stallion and boar. Active males may 
easily be trained to mount noncstrus cows, other males, or dummy 
femides, and highly satisfactory sampte of semen can qinckly be collected. 

The Massage Method.— Miller and Evans (1934) developed a tech- 
nique of collecting semen from bulls by the piassage of the ampullae of 
the vasa deferentia. The successful application of this method, which 
consists of the insertion of the arm into the rectum, the location and 
manipulation of the ampullae, seminal vesicles, and prostate legion, and 
the collection of semen as it drips from the glans penis, requires a high 
degree of skill. It is most valuable for the collection of semen from buUs 
rvith injuries to their legs, backs, or reproductive organs, but for genefac 
reasons should probably not be applied to bulls sufferi^ng from physio- 
logical disturbances preventing service that might be transmissible. 
This method does not compare in usefulness with the a,rtiecial jjagina. 
There are marked differences in the response of individual bulls; the 
semen is often contaminated as it drips from the glans penis; the volume 
and concentration of semen obtained by this method is often less than 
by service into an artificial vagina; and the mixture of urine with the 
semen at the time of collection often kills the spermatozoa 

Burrows and Quinn (1935) perfected a massage method for the col- 
lection of semen from the domestic fowl and turkey that is widely and 
successfully used. The copulatory organ of the male can be protruded 
by manipulating the cloacal region, and the semen stored in the bulbous 
ducts can be pressed out by the thumb and first toger. ,,, , , 

Recovery of Semen from the Vagina.— One of the older methods of 
semen collection is the recovery of semen from the anterior vagina fol- 
lowing natural service. This can be accomplished by introducing a glass 
or rubber catheter into the vagina, locating the pool of semen, and 
aspirating it into a syringe. This method can be used satisfactorily for 
the recovery of both ram and stallion semen if the genital health of the 
ewe or mare is known to bo satisfactory. However, this method is not 
the one of choice in any species. Breeders who do not have other collect- 
ing equipment can make use of the method for the recovery of a semen 
sample for a fertility examination. The simplicity of the method is 
overbalanced by several disadvantages. The semen may bo excessively 
diluted by female secretions and may have poor storage qualities. If an 
infectious genital disease is present, it is veiy apt to be spread to the 
inseminated animals. 

The Breeder’s Bag. — ^This technique, which involves placing a rubber 
sheath over the glans penis, has been satisfactorily employed by some 
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Btalhon and jack onnors for manj jcar. and lias been discarded liy 
others as nnsatisfactorj 'ihe chief cnticism of the mctliod has been 

that the bag often slipped from the penis is the mile dismounted ilns 

has now been oacrcomc by the deaelopmcnt of i longer type of shc.itli 
Tlie method has the ad\ antages of bimphcitj and the rccoa cry of a normal 
ejaculate, but is limited to cqilines 

Electrical Ejaculation —This technique was developed by Gunn in 
1936 as a method for the collection of ram semen Various modifications 
have been made for small animals, and it has been of value from a 
research standpoint 

o electrodes are \iscd In some species one js placed m the rectum 
and the other m the muscle above the lom, m other species one electrode 
IS placed against the roof of the moutli and one at the base of the skull 
An alternating current of varjing intensity, depending on the species, 
IS applied The equipment is expcnsiac, requires a high degree of skill, 
and gives variable results, c\ on m cxpcncncctl liands It is unlikely that 
it \m 11 over be ^\ldel> used m practical semen collection 


THE EVALUATION OF SEMEN 

The successful application of artificial insemination is to a largo extent, 
dependent upon the quality of semen used Those responsible for the 
collection, processing, and shipment of semen must bo able to evaluate its 
quality and to predict its potentialities when used under practical condi- 
tions Those concerned with the insemination of cows must likewise be 
able to evaluate semen, lest females be inseminated w ith non\ lablo sperm 
Nearly every sperm physiologist is hopeful of being able to de\ elop a 
single method of evaluating semen quality The list of techniques which 
have been used is a long one and vanes from the visual o\ er-all score of 
semen following a bnef microscopic view, to the chemical determination 
of enzymes vitamins, or specific metabolic processes Unfortunately no 
one method will yield an accurate estimate of the actual per cent of 
inseminations which \vill result in pregnancy when a particular semen 
sample is used However, the fact that the conception rate docs not 
fluctuate greatly between days or months or between well-managed 
insemination associations indicates that a fairly good job of evaluation is 
being done 

Volume of Semen.— Volume is usually determined m a graduated 
centrifuge tube in the bull, with a l-ml tuberculin synnge in the ram and 
rooster, and with a 100- to 200 ml graduate m the stallion and boar 
The volume is not necessarily related to the fertilizing capacity of the 
spermatozoa, since stenie animals may produce large ejaculates Volume 
13 of great practical importance in artificial msemmation If all other 
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factors in regard to quality are equal, the male with a large ejaculate is 
most desirable. The rate of semen dilution which will be made is deter- 
mined largely on the basis of semen volume and numbers of sperm per 
unit volume of semen. 

Number of Spermatozoa. — The number of spermatozoa per unit 
volume of semen varies with species and individual, and breeding males 
should be expected to meet the requirements for their species as previously 
elaborated. The number of spefm in semen is usually expressed in 
terms of sperm per cubic millimeter. The standard method of counting 
sperm is the same as that employed for counting red-blood cells. This 
technique is described in detail in nearly every physiology text. In 
brief, it involves the dilution of the semen in a red-blood cell diluting 
pipette, the thorough shaking of the pipette to bring about an even dis- 
persion of the sperm, and the discharge of a small quantity of the diluted 
semen into the measured chamber of a hemac 3 d,ometer. The number of 
sperm within certain ruled areas of the hemacytometer is counted 
beneath a microscope, this number is multiplied by a standard factor, 
and the number of sperm is thus determined. 

Methods for the estimation of sperm numbers by the centrifugation 
of capillary tubes containing whole semen have been described. By 
centrifugation at a certain speed in relation to gravity for a standard 
time, the sperm are packed into one end of a capillary tube and the 
volume of the packed cells is measured. This method has the advantage 
that several replications of each sample can be made simultaneously, but 
it has not been used in practical insemination work (Shaffner and 
Andrews, 1943). 

The ideal method of determining sperm numbers in bull studs must 
be simple, rapid, and accurate. Jt had been shown that the dilution of 
semen at a standard rate and then measuring the relative light trans- 
mission in a photoelectric colorimeter was rapid and acciu*ate, but the 
equipment required was rather ej^pensivo (Comstock and Green, 1939). 
This method was adapted for field use by the development of opacity 
standards for the simple visual comparison of diluted semen. Complete 
directions for the preparation of standardized tubes of different opacity 
have been described by Salisbury ct ah (1943). Such tubes arc now 
available commercially. The equipment is called the comparator, is 
inexpensive and rapid, and is ncjirly as accurate as any other'method. 
This is the standard technique of determining sperm concentration in 
most bull studs. 

Motility of Spermatozoa. — ^Tlic estimation of sperm motility by micro- 
scopic examination la one of the oldest of all clinical evyjxnltiatlons Involv- 
ing the microscope. In fact, Leeuwenhoek, tlic father of microscopy, 
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and Dr Ham descnbed tbe appearance of spermatozoa in 1077 This 
estimation of semen quality has many limitations, but is probably the 
one most used by those engaged m practical artificial insemination 
As discussed m an earlier chapter, the presence of raotilitj does not 
guarantee fertility, but the complete absence of motility is a very good 
indication that fertilizing capacity has been lost There are various 
minor differences m the techmques ^\hlch are used m different laboratones, 
but tbe one vduch we viU desenbe is fairly typical 

Prior to the mdespread dilution of semen for artificial insemination, 
motility referred almost exclusively to the degree of mo\ement of 
spermatozoa m v hole semen It is now necessary to distinguish betu een 
the motility of ^^hole and diluted samples There is little similarity 
between the appearance of fresh whole semen and the same sample 
immediately after dilution The appearance of good-quality fresh semen 
from the bull, ram, or cock, species with high sperm concentration, is 
that of millions of sperm in vigorous motion, and the semen itself has the 
effect of a body of water with fierce eddies and currents and a constant 
undulating movement It is difficult to distinguish the behavior of 
individual cells in such samples, and even dead sperm appear to move 
because of the motion set up by the live sperm Because of the dilution 
practiced in artificial insemination, there is little movement of the 
liquid itself, and individual sperm stand out clearly It has been our 
experience m the conduct of artificial-msemmation schools that if fresh 
whole semen is first used for demonstration purposes it is subsequently 
difficult to convince the trainees that diluted samples have any motility 
at all, to say nothing of the differences betw een good and poor samples 
The initial motility of fresh semen should be determined as soon as 
possible after collection of the semen This should be done before the 
semen temperature has dropped much below body temperature It is 
accomplished by placing a small drop of semen, on a hanging drop slide 
m a MaiTO room or temperature can be maintained by the use of a special 
slide warmer Various types of motility have been descnbed, but the 
clinician usually distinguishes rapid progreame and xn place, or undula- 
lory, motihty and scores semen samples on a basis of 0 to 6 m which 
5 = 80-100% progressive motihty, swirhng motion of the drop as a 
whole, 

4 = ^80% progressne motility, swirling motion indefinite or absent, 
3 - 4CMi07o progressive motility, movement limited to individual 
spennatozoa 

2 = 20-40%, of spermatozoa showing undulatory movement, 

1 - 1-20% of spermatozoa exhibiting undulatory movement. 

U “ no motihty 
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Semen which has been diluted with ogg-yolk buffer is somewhat hard 
to see through under the microscope and the presence of large numbers of 
varying-sized yolk globules is confusing to the beginner. The standard 
for fresh semen which is described above is the one in general use with the 
exception that there is no swirling motion of the semen itself. The type 
of motility of the individual sperm is important. Samples which score 4 
or 5 should contain sperm shoudng definite progressive motility, and-the 
movement of the sperm should be suflBcicntly vigorous to agitate the 
yolk globules. 

There are several factors which commonly affect motility and which 
will lead to incorrect estimates if not guarded against. There is a pro- 
gressive decline in motility as temperature falls. The sample should be 
warmed, preferably to a standard of 80 to 90®F., if uniform results are to 
be obtained. The determination should be completed rapidly. Semen 
dries quickly in a warm room, and exposure to air inactivates the sperm. 
If an estimate is not made within a few seconds, a second sample should 
be taken. X)irty slides or traces of water or alcohol will affect the degree 
of motility. Although it cannot be said witli certainty that a diluted 
sample scoring 1 will never produce fertilization, it can be said that the 
degree of fertility will bo highest when samples scoring 4 or 4 plusican be 
used. 

Duration of Sperm Motility . — It has been knowm for many years that 
there is a high correlation between the maintenance of sperm motility ’ 
and the fertilizing capacity of sperm when either whole or diluted bull 
semen is stored at 5°C. If the samples are properly handled, motility 
persists for 2 ^\ eeks or more if the bull is of normal fertility. While this 
method is one of the better ones for the measurement of semen quality, 
it has the disadvantage of requiring a relatively gieat length of time and 
the evaluation is not completed until the original semen sample has long 
since ceased to be usable. 

Weisman (1941) developed standards for the survival of human sperm 
stored at different temperatures. He reported that the survival times of 
normal human sperm at 20 to 23®C., 37.5®C., and 45®C. should be at 
least 24, 10 to 12, and 1 to 2 hours, respectively. Studies at Cornell by 
Beck and Salisbury (1943) showed that there wore significant correlations 
bot-wcen the decrease in motility of sperm in diluted bull semen stored at 
5°C. and similar samples stored at from 4C.5 to 47.5'’C. The con elation 
coefficient of storage for 10 days at and storage at 4C.5®C. for 1 hour 
was 0.90S8, indicating that by increasing storage temperature much 
valuable information in regard to the maintenance of motility can be 
gained in a short lime. Tins method has many laboratory applications 
but is not widely used in the field. 
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The Methylene-blue Reduehon Test -The <lj o methylene blue lo« 
rts tep blue color uhen tao ntoms of hydrogen nro added Tta 
n tinTYipTinn of methvlene-blue reduction h-is been used for many y 
Si technique in the measurement of certam types of cellular metabolism, 

"" A mSiId liTs tein developed at Cornell for the ^”,11 

ouahty by determining the time required for semen 
to reduce a standard amount of methylene blue Tu “-tenths ml ^ 
bull semen is diluted inth 0 8 ml of yolk citrate diluent in a small te^ 
tube To this is added 0 1 ml of a mcthylene-blue solution compmed 

of 50 mg of methylene blue dissolved m 100 ml of sodium citrate buffer 

yVhen the tubes ate incubated m a water bath at 45°C , the best samp es 
reduce the blue color in 3 5 to 6 minutes Poor samples require longer, 
up to 40 minutes (Beck and Salisbury) It was shown that there were 
high correlations bet>\een concentration of spermatozoa, sperm motility, 
and the amount of ascorbic acid m the semen and the time required to 
reduce the blue color This method has been used in numerous bull 
studs as a measure of semen quality Semen uhich requires more than 
0 minutes to lose the blue color is regarded as subnormal 

This technique has been adapted to the semen of other species, but it 
IS the 'NNTiters’ opinion that it seems to be better adapted for bull semen 
than for boar or chicken semen 

Measurement of Sperm Metabolism. — As indicated in the chapter on 
the male, the chemical nature of semen and the metabolism of sperma- 
tozoa have been favonte subjects for laboratory estigation The 
glycolysis of semen and the oxygen consumption and carbon dioxide 
production of sperm can be measured In a \ ery general wa> there is a 
relationship betMcen sperm numbers motility and suixival, and the type 
and degree of metabolism Hon ever, these techniques are not easily 
adaptable to field conditions 

Differentiation of Live and Dead Spermatozoa — ^Tbe relatii e numbers 


of live and dead spermatozoa can be estimated by the direct microscopic 
examination of fresh semen This method is obviously subject to con 
siderable human error Workers at the Umversity of Missouri haxe 
reported a staining method for the differentiation of li\e and dead 
spermatozoa The technique nas first norked out for ram sperm by 
Laslej el oZ (1942) and was subsequently modified for other species by 
hlayer el al (1947) A stam containing fast green FCF and either 
eosm B or erj'throcin B is made up m a phosphate buffer at a pH of 7 25, 
and a small sample of semen is stained according to \ ery specific direc 
tions Dead sperm are stained by such a mixture and live sperm remain 
unstained This procedure appears to have been very reliable in the 



AUTmCIAL INSEMINATION 


273 


hands of its originators, but others have obtained variable residts. The 
method has been shown to be affected by minor changes in pH, osmotic 
pressure, and stain concentration, and the teclinique must be very 
carefully carried out (Mayer, 1948). 

This method, or modifications of it, will have practical application if it 
can be controlled. 

Number of Abnormal Spermatozoa. — Although Ham and Leeuwen- 
hoek observed the spermatozoa of the human as early as 1677, it is only 
during the twentieth century that detailed studies of spermatozoa have 
been made. Williams and Savage (1927) made extensive studies of the 
morphology of bull spermatozoa and reported that in bulls with poor 
breeding records an average of 50.1 per cent of the spermatozoa were 
abnormal and that bulls v-dth good breeding records averaged less than 
16.6 per cent abnormal spermatozoa. These findings have been con- 
firmed by Moench and Holt (1931), who found that men producing more 
than 25 per cent abnormal spermatozoa were of lowered fertility or sterile, 
and by McKenzie and Phillips (1934), who reported that normal rams 
produced not more than IS per cent abnormal spermatozoa. Several 
slides of each semen sample to be examined should be prepared at the 
time of collection. This can be accomplished by placing a very small 
drop of thoroughly mixed semen at one end of a glass slide and drawing 
it out in a very thin fiJm in the same way that blood smears are made. 
Considerable practice is required to make satisfactory slides of highly 
concentrated semen. The problem is one of obtaining a smear thiii 
enough for study without mechanical damage to the spermatozoa. Thu 
slides m&y be sUewed te sir-dry sad thea msy be placed in a saturated. 
chlorazeno solution for 5 to 10 minutes to remove mucus. -They should 
then be rinsed in distilled water, washed in 95 per cent alcohol, allowed 
to dry, then stained with Ziebl's carbol-fuchsin for 1 to 2 minutes, rinsed 
in tap water, and allowed to dry. The stained slides should be studied 
under high-dry or oil-immersion objectives and classified by sorntj 
definite scheme. 

Nearly as many systems of classification as there have been investi*. 
gators have been devised, but the abnormal sperm types most usually- 
encountered arc head abnormalities such as tapering, shrunken, lai^e, 
or small heads; enlarged, beaded, broken, or filiform middle pieces; and 
coiled, broken, or missing tails. A study of a single smear of semen i^ 
sometimes misleading, for seasonal effects, excessive use, or long periods 
of sexual rest are among the factors that may temporarily increase the 
mimbcr of abnormal spermatozoa. McKenzie and Berliner (1937) in an 
extensive study of the reproductive capacity of rams found that, under 
Missouri conditions, the numl>er of abnormal sperm forms increased 
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dunng June, Julj , and August and ere at a minimum dunng No-v ember, 
December, and January Shropshire rams uere more noticeably 
affected than Hampshire ram^, the former ha\ mg an aA erage of /3d and 
the latter an a^ erage of 90 abnormal sperms per 1,000 during Augi^t 
Semen samples collected after prolonged periods of sexual rest should 
not be used for the determination of fertilitj Spermatozoa that are not 
ejaculated tend to become senescent and are e\ entually broken doum and 
resorbed This fact often accounts for the failure of males to settle the 
first females to which they are bred at the beginning of the breeding 
season and must be taken into account in the estimation of fertility 
A fen years ago this measurement was considered essential m the 
evaluation of semen More recently the emphasis has been on the 
ph} siological measurement of semen quality The determination of 
abnormal sperm forms nill frequently distinguish between supenor, 
questionable, and infenor semen samples, but it has nev er been possible 
to predict relative fertility very closely 

pH of the Semen — ^The development of the glass electrode pH meter, 
as well as a variety of special test papers for different pH ranges, makes 
possible the accurate measurement of hydrogen ion concentration of 
semen Unfortunately, this measurement is of bttle value in practical 
semen evaluation since the pH range of semen does not ordinarily 
fluctuate vvidelj 

Punty of Semen — Semen should be collected and maintained as free 
of microorganisms, cellular debns, dirt blood cells, unne, or other 
foreign matter as is humanly possible There would be no quicker v\a> 
to spread genital diseases than by the use of semen containing such 
organisms Many substances such as red- or white-blood cells, unne, 
VN ater, soap, disinfectants or secretions of the female gemtalia are either 
toxic to spermatozoa or adversely affect their vnabihty and should not 
contaminate semen 


PROCESSING AND SHIPMENT OF SEMEN 
Coolmg Semen. — Many substances should be cooled as rapidly as 
possible to prev ent degenerativ e changes, e g , milk, meat, and foodstuffs 
which are to be preserved by quick freezing Semen should be cooled 
to about I or (40®F ) m order to maintain sperm motility for maxi- 
mum periods of time but it is now known that too rapid cooling will 
permanentlj reduce sperm viabibtj This is called temperature shock, 
and it has lieon reported in several species 

Temperature shock must be prev ented especiallj dunng the collection 
of semen and before the semen has been diluted The glass receptacle 
on the artificial vagina which w to receive the semen should be warmed 
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before use and protected by ins\iIation during the -winter months. An 
artificial vagina in which the receptacle is surrounded by the water 
jacket was developed at Cornell and has proved practical. 

Immediately after collection, semen should be taken into a warm, dust- 
free room and motility score and sperm numbers determined. If the 
sample is clearly of good quality, it is usually diluted at once with fresh 
dilutor which has been warmed to about 80®F. It is important that the 
semen and dilutor be approximately the same temperature, and since 
fresh collected semen cools to about 80®F. rather quickly, this temper- 
ature is a practical one. 

The diluted semen should then be cooled at the rate of about 1°F. 
per minute until the storage temperature of 40®F. has been reached. 
This can be accomplished in the laboratory by electrically operated 
do-\dces, but under practical conditions it is usually done by placing the 
semen container in several changes of water, each a little cooler than the 
preceding one. 

By a little practical experimentation the semen container can be 
put in a jar containing water at 80®P. and then placed in a refriger- 
ator. By adjusting the respective volumes of semen and water, the 
semen can be made to cool at the required rate. 

Semen Diluters, — Many substances have been used for the dilution 
of semen, but most of them have been lacking in one or more of the 
qualities of a practical diluter. In order to be suitable for use in practical 
artificial insemination a diluter must maintain the fertilizing capacity 
of the sperm for maximum periods of time, it must be easily prepared, of 
readily available substances, be low in cost, and nonirritating to the 
recipient of the semen. The history of the diluter problem is a long one 
and has not been confined to the bovine species. Among the material^ 
tried have been physiologic saline solution to which has been added 
numerous organic and inorganic substances including glucose, amino 
acids, vitamins, hormones, drugs, and antibiotics. Nearly all the body 
fluids and secretions have been tried, blood plasma, blood serum, spinal 
fluid, milk, reproductive accessory-gland secretions, and semen plasma, 
itself. 

In 19-10 Phillips and Lardy developed a diluter made up of egg yolk 
and phosphate buiTcr for cattle semen. Tliis diluter was widely adopted 
and is still in general use. The phosphate bulTcr contains 0.2 g. of 
KITjPO* and 2.0 g. of NaIIF 04 . 12 lIs 0 in, 100 ml. of .sterile redistilled 
Avater. To facilitate its preparation, cap.sulcs containing the proper* 
amount of chemicals for addition to the water are commercially aA’aiJabIc. 
Fresh egg yolk is prepared by the complete separation of the yolk from 
the albumen, puncturing the membrane surrounding the yolk, and allow-. 
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mg it to run into a clean rtenle graduate Equal parts of phosphate 
buffer are mi\ed lutli the egg yolk and the yolk buffer is ready for use in 
semen dilution 

At this point it should be emphasized that only chemically pure 
ingredients should be used, that w ater redistilled in a glass still is required, 
that fresh eggs from hens fed a balanced ration should be used, and that 
substances or conditions uhich might be toxic to sperm must be a\oided 
A second practical diluter was developed by Salisbury el al at Cornell 
in 1941 It -was made up nith egg yolk and a sodium citrate buffer and 
has since been modified by Salisbury and Bratton (1948) to contain 
sulfamlamide The citrate buffer is made up of 3 6 g of sodium citrate 
dihydrate (NajCeHs 07 2 H 2 O) per 100 ml of glass distilled n ater and the 
buffer 13 then autoclaved for 20 minutes at 15-lb pressure Equal parts 
of buffer and fresh egg yolk are mixed Sulfamlamide is added at the 
rate of 300 mg per 100 ml of diluter 

Several entirely satisfactory diluters are readily available for cattle 
semen, the yolk phosphate diluter, the yolk-citrate diluter n ith or Tnth- 
out sulfamlamide a commercial synthetic pabulum and a commercial 
completely prepared, modified egg yolk-citrate diluter ready for imroedi 
ate use 

There has been relatively little use of diluters for ram boar, and 
chicken semen m the United States Numerous diluters ha\e been used 
m Europe and Asia and their composition has been discussed by Ander* 
son (1945) 

Several diluters suitable for stallion and jack semen have been desenbod 
by Berliner (1945) These contain egg yolk glucose, and Iv-Na tartrate 
and gelatin in varying amounts, depending on the exact purpose for 
which the diluter is to be used 

Dilution Rate — ^Theoretically, only one sperm is necessary for the 
fertilization of an ovnim and only one specific microorganism for the 
establishment of a disease In practice however, it is unlikely that only 
one cell wall produce such results This has been explained in numerous 
waj's the most plausible of which may be that large numbers are neces- 
sary, since many of the cells are lost on the way to their destination 
Manj of the earlier estimates of the number of sperm required for 
fertilization have been nullified because of advances in knowledge and 
techniques in semen ph> siology In rabbits, for example, in 1927 it was 
thought that 1 million sperm were necessary for fertility and 

thatstenhtj was reached if there were 100 000 or fewer sperm In 1910 
It was concluded tlial maximum fertility could be attained with 330 000 
to 420 000 sperm and minimum fertiht j w ith 40,000 In 1948 it appears 
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that 10,000 sperm -will give partial and 90,000 spermatozoa maximum 
fertility (Cheng and Casida, 1948). 

The fiist work in artificial insemination involved the use of fresh 
undiluted semen. In practical cattle insemination semen was diluted 
three to four times in 1940 and about 1; 10 to 1: IG in 1945, Salisbury 
(1948) reported that there were no differences in fertility when bull semen 
was diluted with egg yolk-citrate diluter at a rate of 1: 100 in comparison 
with rates as low as 1:40. One ml. of diluted semen containing about 
12.8 million sperm was used for each insemination. It has since been 
reported that there were no differences in conception rate when yolk- 
citrate-sulfanilamide diluter was used at rates of up to 1:400. It was 
pointed out that with present techniques the minimum number of sperm 
for optimum fertility is between 5 and 10 million if bulls of known fertility 
are used (Salisbury and Bratton, 1948). 

Much work on dilution rate and composition of diluters is in progress, 
and it should be recognized that these results may need further modifi- 
cation, As previously explained, the diluter problem is of less practical 
importance in the other classes of farm animals, and data similar to those 
given for cattle are not available. 

Storage and Shipment of Semen. — ^In artificial-insemination practice 
semen is rarely stored at its point of origin but by the local inseminator. 
The chief problem is one of the maintenance of optimum condition^ 
during shipment and while the semen is being transported by the insemi- 
nator on his rounds. 

The type of shipping container depends on the volume of semen which 
is to be sent and the distance involved. 

When single semen samples are to be shipped, as is usually the case 
when semen from a particular sire is purchased by a breeder at a distance, 
an ordinary thermos bottle can be used. It is desirable that the temper- 
ature of the semen be maintained at a uniform 4 to 5°C. during shipment. 
This can be accomplished by placing a full tube of semen within a second 
larger container, taldng care to separate the two ■with cotton. Both 
containers should be watertight. The larger container is then surrounded 
by cracked ice, the thermos bottle placed in a sturdy cardboard carton 
and shipped. 

When the time of shipment is 2 or 3 days, the thermos bottle itself 
should be packed in a refrigerated container. A small, jacketed, insulated 
ico-crcam shipper ha.s been successfully employed at the University of 
^lissouri. The thermos bottle is placed in a metal can and surrounded 
by cnickcd icc and a can or block of frozen brine is placed on top of tl»c 
can containing the cracked icc (Herman and Ilagsdalc, 194G). 
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In most states semen can be shipped from the bull stud to all local 
associations aithm 12 hours The equipment reliuired for this is sur- 

pnsmgly simple .ion 

The refngerant is pro\ ided b> one or t\\ o milk cans approximatelj ^ o 
by 4 m The cans are filled to w ithm about an mch of the top ith ater, 
sealed, and frozen solid Tw o layers of heav'j ^Tapping paper are placed 
about the cans and the semen ^ lals are then placed against the uTapped 
cans and firmlj -wrapped A\ith se\eral layers of paper This package is 
placed ithin one insulated paper ice-cream bag dunng the cooler months 
and within two insulated bags dunng the summer This m turn is 
placed m a hea\'j corrugated cardboard bo-^ and shipped bj common 
earner This equipment is light m weight, mexpensi\e, and readily 
available commerciallj 

The \nals containing semen should be as nearly full as possible If 
only a small quantitj of semen is to be sent, a small ^ lal should be used 
It IS known that the mmng of semen with air b> agitation dunng ship- 
ment IS undesirable and results m decreased sperm motility (Pnnee and 
Almqmst, 1948) 

The e-^enenced insemmator can usuallj tell if cemen shipments are 
arriving at the proper temperature If the ice m the cans W melted, 
it IS well to check the temperature of the semen with a thermometer and 
report abnormalities to the bull stud 

All semen samples which the insemmator plans to use should be 
examined microscropically each day There are times when a 48-hour 
old sample may be supenor to a fresh one Ivnow ledge of the actual 
fertility of the bulls and expcnence m semen ex aluation will soon enable 
the insemmator to select the samples most likelj to produce pregnancy 
The insemmator usually receixes fresh semen six or sexen times xxeeklj 
It IS obx lous that he cannot guarantee that the semen of a particular bull 
x\iU be used to inseminate a particular cow Howexer, by adhering to 
recommended practices he usually has the semen of-sexeral bulls of each 
breed axailable, exen though the semen is of different ages 

In the past there has been much xxnshful thinking m regard to the 
storage possibilities of semen 'W ith rare exceptions bull semen should 
be used within 2 to 4 dajs following collection if good results are to be 
expected Ram semen should be used within 2 dajs, and boar, stallion, 
and chicken semen should be used on the day of collection To the 
authors knowledge the maximum surxuxal of sperm for conception is 10 
da>-s 0 da>s, 50 hours and 48 hours for bulls ram boars and stallions, 
rcspcctixel3 These results liaxe been obtained with stored semen and 
represent maximum rather than axerage xalues 

The maintenance of maximum fertility in stored semen requires special 
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handling by the inseminator. The semen should be maintained at a 
Uniterm 4 to 5°C. while in his care. It is recommended that insominators 
be equipped with portable refrigerators of the type commonly used by 
veterinarians. The semen vials are transported in small thermos bottles, 
and the thermos bottles in turn are kept in the portable refrigerator. 
Care should be exercised that the semen is not allowed to remain out of 
the refrigerator except for the time required to fill the inseminating 
pipette. 

TECHNIQUE OF INSEMINATION 

The method of insemination will depend both on the species and the 
experience of the operator. The methods commonly used for cattle will 
be described in detail and but briefly for the other farm animals. 



1 10 . so — Equipment for the artifirial insemination of cattle. 1. Artificial vagina U 
. Lncito or glass Bpcculum, 3. Inseminating tulie and s.inngc. 4. Graduated test tube’ 
^ 6 Head lamp 


If economy of semen is no object, the deposition of several milliliter? 
of ^\bolc or diluted semen in the vagina of tlic cow will give satisfactory 
rcs\ilts. Since the chief advantage of artificial insemination is to c.\tcncl 
the usefulness of superior sires, this method lias little merit. Tiic mctliod 
in common use prior to 1010 involved the partial penetration of tliij 
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cemx -^ith an ingeminating tube while it was \ isualizcd through a ^ aginal 
speculum This technique seemed to ha\c the ad^ antage that the oper- 
ator could see what he was doing, but we now recommend that he feel 
what he is doing The muscular tensions which are set up follownng the 
introduction of the speculum mahe it difficult if not impossible to pene- 
trate the cei^TX further than the outer region Linder practical conditions 
it IS probable that the ‘'emen is frequentlj not deposited in the cenox 
at all It has the disadvantage of requiring a large supplj of sterile 
specula, one for each cow, and the chore of cleaning them can be a labo- 



Fig 81 — Insenunatioa of th« co« involr 
mg the u»e of a vagtnal epeculum The 
cervix IS visualised and the insemioating 
tube IS passed into the first part of the 
cervical canal 


nous one The method does gi\e 
satisfactorj results and is still used 
The technique m most general u*=e 
at present is the grasping of the certnx 
with the left hand in the rectum and 
the introduction of the inseminat- 
ing tube through the ^ agma and m 
to the cer\ix with the nght hand 
By the rectal mampulation of the 
cervix, the tube can bo guided 
through the cervix and even into 
the uterine horns This method is 
rapid, requires a minimum amount 
of equipment, and is less likelj than 
the speculum to mtroduce foreign 


euDsiances into the i agma 

The stop bj step routine recommended for insemmators is as foUows 
(1) Don clean w ork clothing, boots and rubber sleev e as soon as am% mg 
on fann (2) positivelj identify con, (3) locate equipment ease and pail 

JoIT f T"’ “=™>natmg tube to eynuge 

and HI ,,-ith 1 ml of desired semeu. (5) place msemmatmg equipment on 
special hook, on lid of case (0) lubneate left baud and arm n ith soap or 
other lubricant, C7) enter rectum carefully and remote feees, (8) n.pe 

CsTjr” T 'cotton 9 

Shld ™ » eertur back and 

semen °'™ (1^) 


pb^olo,^”anTab”“’"^'‘’ --‘o-ns an 

Si resS^, m ner?o : CareleLe 

XI,, T 9°''°"“'™ “f ‘hi 'oiPnal nail or injury of the eertur . 
ntems Insemmators are freqnentl, called to seXS Xls tthich a 
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already pregnant. The penetration of the cervix of a pregnant animal 
is almost certain to result in abortion. It may be impossible to prevent 
such occurrences in the first few weeks of pregnancy. If the cenux is 
tightly closed and dry, little is gained by trying to force penetration. 
The cow may not be in heat or she may be pregnant. 

A very routine inspection of the cow may reveal an anatomical defect 
of the genitalia, inflammation, or infection. Artificial inseminators are 



I'la. 82.~The most common technique of iasemiontinR tho cow. Tho cervix is grasped 
per rcchiff?, and the inseminating tutro is carefully worked into and through tho cervical 
canal. 

neither trained nor expected to diagnose reproductive disturbances. 
^^^lcn it is obvious that some type of an ai)normality is pre.'sent, it should 
he called to the attention of the owner in order that lie may secure 
veterinary' assistance. 

llic marc is the ca.sicst of the farm animals to inseminate.- Marcs 
should he hobbled in onlcr that the inseminator may work in safety. 
The tail of the female should be wrapped with a clean bandage of tho 
type used on tho legs of running hon-es. Tlic region around the vulva 
can be cleaned with a damp sponge and tho lips of tho vulva wiptsl with 
a piece of clean cotton. The operator should we.ar clean, dry rubber 
gloves which have Wen previously wusl»c<l in alcohol or some similar 
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, r . , rrP* Ecmen is poured into 'A-o^ gelatin capsuto and 
disinfectant 1 re^n semen j i „ .,0 nossible Twent} ml 

;; “een” tra -thoter attached to a aj-nnge or a i^^ d 

?rZn dunng ostms i marnunm fertdit, is to be attained 

emus rn“r,Lter^^^^ 

Smendoiili deposited in the uterus ^ 

^aglna There is relatnelj little 
linowm about the % olume of semen 
and numbers of sperm required 
for suine Under practical con- 
ditions 20 to 50 ml of whole 
semen can be expected to gi'C 
satisfactoTj results There is 
dcnce that much smaller quan- 
tities of semen, when properlj 
diluted, ma> be satisfactory, but 
this has not been ^e^iled under 
herd conditions 

Ewes arc usually inseminated 
\vith the same type of pipette or 
tube that is used for cattle The 
pipette 13 filled and emptied w ith 
. c,rv.n11 VlltlH 



"O 4 8 121 s 6 t2 18 

Time cf tnsem rot on-Hoyrs 

1 10 83 — Helatiofieh p between tune of 
iiu«mination and freed ng eflicieno in dairy 

cattle {Adapttd from Ike data of Trtmberger 

and Dane (1913) Air Ezpl Ela Ret 

Bui 120) 


ft KvnniTR 


The cenre is \nsuahzed with a speculum and a small flashhght or 
headlamp and the pipette introduced into the outer part of the cemx — 
probably not more than to M m A \ olume of 0 2 ml is usuallj used 
both for whole or diluted semen. The egg yolk diluters used for cattle 
Imc been 8uccessifull> cmplojcd for sheep There is cousiderable 
dilTerencc of opinion in regard to sperm numbers required, ranging from 
o to 50 million 

Artificial in‘-cmmation lias not liccn widelj emplojed m poultry 
It is \erj useful when hens are being maintained m indi\idual lajmg 
cages, as m manj nutnlion and breeding expenraents, and it has a place 
on certain practical poultry-breeding farms Hens are usually insemi- 
nated with fresh semen once weekly The OMduct of the laying hen 
can be easily protruded by applying pressure m the cloacal region A 
1 ml tulicrculm s%Tingp without a needle is iu«erted into the OMduct 
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to a depth of about 1 in and 0 1 ml of semen deposited A single 
weekly insemination can be expected to yield about 90 per cent fertility 
A limited amount of 'work uith diluteis has been done, but thus far 
most inseminations are made \vith fresh uhole semen 

Organization of Artificial Insemination — ^The advances in aitificial- 
insemination techniques which ha\e occurred during the last decade 
have resulted in a complete revision of our ideas with lespect to the orgam- 
zation and operation of artificial breeding associations Since nearly 
every state has extension specialists who concern themsehes almost 
exclusively w ith artificial insemination, we recommend that such special- 
ists be consulted in regard to local conditions 

In a veiy general way artificial insemination is being used by thiee 
groups in the TJmted States, the purebred breeder, the local association, 
and the central breeding unit The purebred breeder has long employed 
artificial insemination on a more or less private basis It has been used 
to extend the services of valuable sires within and between herds and for 
the control of certain genital diseases The fees foi such services depend 
upon the relative value and popularity of the sires, and there is a grownng 
demand for this type of service 

A few years ago we thought that the local artificial breeding associ- 
ation was most likely to be successful Organizations of this type may bo 
cooperatively or privately owned and usually serve an area w ith a radius 
of about 20 mi Many such associations w ere established betw oen 1938 
and 1942 Some have been completely disbanded some have become a 
part of a larger organization, and some are still m successful operation 
The chief reasons for modification have been economic The difficulty 
and cost of obtaining suitable bulls has been a major problem The 
number of bulls necessary to serve 1 200 cows of three different breeds, 
and still provide a safety factor m case some of the bulls become sterile, 
IS ncaily as great as is needed to sene 10 000 cows or more In short, 
the cost of semen per cow served m a small local organization is greater 
than when many local associations arc sened by a central bull stud 
The generil trend m artificial insemination is toward the central 
breeding unit In this type of organization the bulls are maintained in a 
ccntrilly located stud Well equipped laboratories and technicians 
specially trained in the care of bulls and the processing and shipping of 
semen arc a definite rcquncmcnt for the success of this Ijpc of unit 
Semen production is thus concentrated m one place, ind the actual 
insemination of the cows is carried out b> local organizations '1 ho 
problem of loc vtmg new sires is of sufficient importance to roiiuirc perma- 
nent personnel spcciiKj trained in selection I lie need of kcejnng 
nbrcisl of th< latest dciclopmcnts in semen phjsiologj is c'^^'Cntiil 
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It appears that these problems can best be met a\hen some of the iTorhere 

derote themsehesexclusndj tobull-studnork, and others to tho insemj- 
nation of COWS x i „ 

In some of the larger states there are i=c\eral bull studs located m 
strategic areas, each serving numerous local insemination associations 
The tjpe of organization in Indiana is desenbed bneflj not only because 
of the authors’ familiarity with it but because of certain umque features 
Local artificial-breeding cooperate es obtain semen from bull studs m both 
Indiana and Jsorth Carolina On alternate da>s semen from the North 
Carohna stud is transported by airplane to the Indiana stud and thence 
to local associations And e-very other day semen from Indiana is 
shipped to North Carolina where it is distributed to local associations in 
North Carolina, Georgia, Florida and Virgina From the economic 
standpoint semen which is produced but not used represents waste, and 
it has long been apparent that we ha\e not been getting the maximum 
use from our sires The safety factor cannot be o\ erlooked, how e\ er, 
and it IS regarded as essential that there be some reser\ e of semen pro- 
duction The regular exchange of semen between states does make for a 
wider use of outstanding sires, and it offers some protection to the live- 
stock owners of both states m case of senous trouble at one of tho bull 
studs, such as fire or disease 

Artificial Insemination Problems — It is obvious that artificial insemi- 
nation IS established as a practical method of liv estock breeding but it is 
c<iuaUy obv lous that its applications and techniques arc bemg constantly 
changed and improved 

The method of processing and shipping bull semen can be regarded as 
satisfactorj That constant improvement is being made is evidenced bj 
the fact that recommended dilution rates have increased from 1 10 to 
1 100 within the past 5 years and that greater dilution is still possible 
Only when it becomes possible to mamtain the fertility of bull semen for 
weeks, instead of 3 or 4 days, or even after the sire which produced the 
seman is dead, will physiologists be satisfied with their progress 

The prov mg and selection of sires for artificial-insemination use is a 
major problem A suggested method for proving sires at a young age 
has been proposed The tendency for fertihty le^el to decline in bulls 
more than tw o or three j ears of age, and the fact that many prov ed sires 
are not of suitable fertihty, are bmiting factors We need more knowl- 
edge about the basic reproductne processes before these problems can be 
o\crcorae 


The rapid adoption of artificial msemmation baa resulted in a shortage 
of trained technicians In states where several artificial-breeding asso- 
ciations ha\e been estabhshed simultaneously, there has usually been 
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an unsatisfactory conception rate during the first few months of opera- 
tion. This is apparently due to the inexperience of both technicians and 
herd oAMicrs. There is no substitute for insemination experience and 
good livestock sense. Many oumers had no idea that their animals liad 
not previously conceived on the first natural service and were openly 
critical of artificial-insemination conception rates of 50 per cent. Some 
owners Imowingly submitted shy breeders for insemination in the expec- 
tation that it would overcome the difficulties. Others do not yet under- 
stand even the elementary principles of reproduction and have not appre- 
ciated the necessity of keeping breeding records and studying the estrual 
behavior of their cows. These problems are being overcome by the 
improvement of courses for training inseminators and providing them 
with an opportunity to serve an apprenticeship with an experienced 
inseminator. Efforts to increase the knowledge and interest of owners in 
breeding management are bearing fruit. 

One of the major unsolved problems is that of infertility. This is not 
peculiar to artificial insemination but concerns the whole livestock 
industry. As discussed in another chapter, the failure of animals to 
conceive promptly and produce strong healthy young is of great economic 
importance.' This is not one disease or condition but a complex including 
the whole field of biology. Only by much basic research will the solu- 
tions be obtained. 

The production of physically and genetically superior offspring is of no 
value unless the environment is suitable for the expression of each ani- 
mal’s capabilities. Cows genetically capable of producing 400 lb. of 
butterfat will not do so if managed in the same way as their 200-lb. dams. 
One of the most encouraging results of artificial insemination has been 
the development of new interests of livestock owners in better manage- 
ment, but these interests need much further development. 

Transplantation of Fertilized Ova. — The outstanding success of the 
transfer of sperm to the female genitalia by instruments rather than by 
natural ser\’ice has led to speculation in regard to the transfer of ova 
from one female to another. This idea, although not so old as artificial 
insemination, was rather well developed in the latter part of the nine- 
teenth century. Between 1880 and 1897, European and British biologists 
succeeded not only in the recovery of rabbit and guinea-pig ova but in 
their fertilization outside the body and in the transfer of fertilized ova 
from one female rabbit to another. 

• As described in the cliaptcr on the female, the techniques for the 
fertilization of rabbit ova outside the body and their subsequent transfer 
to other females where normal embrj'onic development occurs have been 
highly devclopcil. In addition, Pincus has reported the development of 
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tho rabbit o™m iMthoiit Btimulition lij sperm As also mentioned, 
tcamuiucB for i,upcro\ illation, the production of hrKC niimbtrs of ora, 
More dcicribed for ritb and mice o\ er 20 j e in iRO and li u c more rccentlj 
been dc\ eloped for cattle and bliccp at the Imn crsitj of \\ isconsm 
The groundwork Ins thus keen laid for the trmsfer of fertilized omi 
from genetically superior females to ordmarj health} females w Inch w ould 
carry on embryonic and fetal dc\clopmcnt In this waj, superior females 



rio 84 — Twin fetuses recovered 46 days after the transfer of ferti! xed sheep ova to a 
second ewe (Cou tety of Drs Catida Warunek and VurpAree Unxveriitu of iri«eort«n 
February 1942 ) 

would be spared the burden of pregnancy and w ould be free to produce 
ova at regular intervals That this can be done m the laboratory has 
been established for nearly 75 years, whether it can be done repeatedly 
with the same animals on a practical basis remains to be seen 

Several problems are immediately apparent and there are undoubtedly 
others which are not yet known One of these m\olves the number of 
o\a Should the ovanes be allowed to produce at a normal rate and 
the ova be collected at each heat penod? U surgical procedures are 
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necessary, the risk involved for the recovery of one or two ova per oper- 
ation may be excessive. Operative losses, as well as effects on the future 
production of ova, must be considered. The production of great numbers 
of ova at one time (30 to 40) by superovulation techniques has the advan- 
tage of balancing the risks with the possibilities of securing more ova 
than would ordinarily be produced in the lifetime of a cow. Two other 
problems immediately arise. How frequently can superovulation be 
produced in the same animal and \rill future ovarian function be interfered 
Avith? Are superovulated ova capable of normal embryonic and fetal 
development? These questions cannot yet be answered in cattle. In 
some species the gonads become refractory to repeated treatment with 
gonadotropic hormones. The work available thus far indicates that 
there is a very high mortality rate in superovulated fertilized ova (Casida 
et al. 1943-1944). 

The transfer of recovered fertilized OA^a to other females may be rela- 
tively simple, once sufScient basic information is available, or it may be 
very complex. It is possible that the ova may be transferred using the 
same techniques that are employed for artificial insemination, or it may 
be necessary to place them directly in the Fallopian tubes. In either 
case, it should be possible of accomplishment. The endometrium of the 
utenis undergoes almost constant change throughout the estrual cycle. 
The preparation of the uterus for implantation and the development of 
the fetal and placental membranes require a high degree of coordination 
betAveen the endocrine glands, the uterus, and the zygote. It Avould 
seem desirable that the recipient female be in almost the same stage of 
the estrual cycle as the donor. This Avould require the maintenance of 
a large number of prospective recipient females. It might be possible 
to overcome some of these timing problems by the regulation of the time 
of superoyulation, by the storage of fertilized ova, and by the hormonal 
regulation of the cycles of the recipients. 

Summary. — AVe have defined artificial insemination as the deposition 
of spermatozoa in the female genitalia by instruments rather than by 
natural service. We have tried to emphasize the fact that this method 
of breeding is the most valuable tool yet developed for extending the 
services of outstanding sires at a cost Avhich cA'^cn the smallest herd oAvner 
can afford. It is apparent that artificial insemination is here to stay 
and that there arc no disadvantages Avhich cannot be overcome if rec- 
ommended practices arc strictly adhered to. It is likcAvisc apparent that, 
before artificial insemination can be better than it is, Ave must expect 
to do those things Avhich avc think at the present to be best but ready to 
adopt new practices Avhen they arc proved to be better. 
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Mcchnnhnis nj Jlrrcdily 
CIIAI'ILU XI 

HISTORY AND PROBLEMS OF GENETICS 


Genetics IS tlio science (lealmK Mitli the Mmilarilics nnil dilTcrcnces 
cxhiliilcd lij rchtecl orunnisms TIic sen me of Rcnetics is one of Hie 
most recent of min’s neeomphslimentH, for it esme into licinR mtli fl'® 
rediscoserj of tfie Mcndclian principles of inheritnncc in the \esr 
A long senes of c\ ents, mIucIi might he thought of ns extending hsch to 
the beginnings of agnculture nntl tlie artificial selection of breeding ntn* 
mals following their domestication, preceded its hirlh There nre, hoM“ 
es er, three \ erj important and dcrmite milestones that mark the progre*^ 
of events leading up to genetics The first tins the promulgation of tho 
cell theory hj Schlcidcn and Scliuann in the jear 1838 Hooke had 
noticed and discussed the cellular stnicturo of cork in lOOl, and, though 
this in Itself led to nothing of moment, it is the historical introtluction 
of the cell theory 'Hie uork of Schleiden at ith planta and Sclm ann n dh 
animals indicted that all living forms Mere hnilt up of amallcr units 
called ceils TOe dcscovciy of the physical make-up of living things was 
signihcant It founded the science of c) tology , which after a rather slow 
beginning has j leldcd abundant returns, espociallv since 1870 The next 
milestone was ttat of the estabhshment of the evolutionary thcorj 
AS w e saw in Chap III, many men had thcoriaed ahout an cv olutionarj 
rocess ore arles Darwin m the nineteenth century marshaled the 

Lee f tt.*' “r''iVr‘ P'MutWc explanation of the pres- 

eace of the mandold forms of life which hav e inhabited or do inhabit the 

added to ,n 1 ‘’■'= of many men since Darwin’s time has 

mtotne "’''‘"““‘ty of the theory This theory tics all liv mg forms 

r^elaLZ f u»d principles of inception, birth, 

Zt aU orLf inhentance, and death Ev ohition postulates 

the time vvhe r 'if i unsen from other preexisting forms back to 

therlf! .s Le'L u “> und selection Evolution, 

lal becoming whereas genetics is individual “bccom- 



HISTORY AND PROBLEMS OF GENETICS 


291 


ing,” the same general principles underlying both processes. The third 
milestone Avas MendeVs epochal work on the behavior of characteristics 
in transmission, concerning which the next several chapters will deal. 

Content of Genetics.— Bateson in 1906 coined the term (jcndics, which 
from its derivation from the Greek root gen, to become, literally means 
the beginning, or coming into being, of organic life. Genetics, however, 
does not stop with parturition or birth, but rather it expresses the idea 
of the full becoming of the individuality of the organism. This point 
should be borne in mind constantly by the student. Broadly speaking, 
genetics is the study of the why and wherefore of individuality. It is 
obvious that the individual AviU be either like its parents or different from 
them. What genetics attempts to do is to systematize knowledge regard- 
ing these similarities and differences and to furnish a rational explanation 
for them. 

There is an old deep-rooted belief to the effect that ‘Tike begets like.” 
Experience teaches that sows bring forth pigs not calves, and in this sense 
“like begets like,” but, when the attempt is made to apply the idea in 
minute details to parent and offspring, diflSculties are encountered. 
Although there may be, and generally is, a greater or less degree of 
similarity between the two, the expectation that parent and offspring 
may be exactly alike causes many a disappointment. The fact of tho 
continuity of the germ plasm would lead one to expect that offspring 
would resemble their parents to a greater or lesser degree, and this, in 
truth, is just what observation teaches. Any organism receives tho 
determiners for all its potentialities from its ancestors through its immedi- 
ate parents. It is inconceivable that they could come from any other 
source, and there is no evidence that any animal can exceed in its accom- 
plishments the upper limit set by its inheritance. 

The sum total of all the possibilities and accomplishments of an organ- 
ism is its individuality. This may appear as the expression of character- 
istics exactly similar to those exhibited by any of its ancestors, a blend or 
a mosaic of ancestral characteristics, or one or many very different 
characteristics due to the interaction of ancestral genes or to mutation. 
Strictly speaking then, it may be seen that an organism’s individuality 
is the sum total of all its characteristics which result from the union of 
germ cells produced by its particular parents plus the influence of tho 
environment in which the individual develops. Genetics seeks the cause 
and the pattern of transmission of ancestral traits down through the 
generations, to find rational explanations for the occurrence of new traits, 
and to differentiate the relative influence of inheritance and environment. 

Environment and Training. — ■'Ihvo oi^unisms may have diffcrenl genes 
hut ho similar in appearance or behavior because of the environment. 
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Like\\ise 0 organisips may ha\c identical genes but be different because 
of the environment. We shall lay particular stress upon the complement 
of ancestral determiners, or upon an animal’s inheritance. 1 he student, 
hoivevcr, must not forget that tn o other influences aid in shaping jndivid- 
uahty, viz , cn\ironmcnt and training Any individuality is a product 
of the interactions of these three influences and, although resting on the 
complement of ancestral determiners as its base, this docs not in any "nay 
minimize the influence hi the other tno. Many variations arc due to 
environmental causes. The complement of ancestral determiners, how- 
ever, does set the upper limit that an organism can reach. It is a 
breeder’s pro\ ince, therefore, to select breeding animals tliat will set a 
high upper limit for their offspring and then so to modify environment 
and traimng that that limit may at least be approximated. 



Fia 8S — A scrub cow before and after betns aubjected to a good environment Besidw 
the increase m condition evidenced m the pictures she increased in production 2,814 C lb 
of nulk and 113 7Slb of fat. (From lotea Btpl Sl<t Bui 18S) 

Pre-Mendelian Animal Breeding. — Man has been selecting plants and 
animals for an unknown period of time, perhaps 10,000, 25,000, or 
50,000 years His method has always been the verj' simple one of 
mating what he considered desirable animals and basing his hopes on 
the general pnnciple that "like begets like ” From an early date bis 
selections were probably influenced to some extent by a consideration 
of pedigree and also to some extent by demonstrated ability to beget 
desirable offspring Up until the very recent past, the mechanisms of 
reproduction, hereditary transmission, and variation were totally 
unknown. Just by trial and error man made wonderful progress in 
creating more beautiful and efficient animal types The scientific basis 
of mhentance has unfolded rapidly since 1900, so that the modern breeder 
need no longer be handicapped by a lack of the knowledge of basic 
principles 

It IS sometimes disparagingly remarked that man has made no progress 
m breeding better livestock for the past 100 years Since the breeder is 
unable, up to the present at least, to create nea genes for desirable 
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characters, such a statement is tantamount to saying that breeders have 
not discarded any undesirable genes or increased the number of desirable 
ones, or put them together into any new and better combinations. In 
other words, such a remark means that the proportion of bad genes and 
good genes is the same in our present-day livestock as it was 100 years 
ago. Such a statement can be neither proved nor disproved in terms of 
the actual genes, and, because records of average accomplishment are 
totally lacking for the old animals and not very numerous for the present 
ones, and because nutritional and other environmental conditions have 
undergone such revolutionary changes, the statement can neither be 
proved nor disproved in terms of records. Crude as may have been our 
tools of selection, the writer is. of the opinion that considerable progress 
has been made. And he is also of the opinion that the average merit 
of our animals can now be fairly speedily enhanced, because the basic 
principles of hereditary transmission are now known. 

In the first chapter we sketched briefly the kno^vn history of animal 
breeding. Tablets and monuments from early Egyptian and Babylonian 
civilizations of 5,000 years ago depict very good types of cattle, sheep, 
and dogs, and it is known that these peoples used the ass as a beast of 
burden. The ancient Greek and Roman civilizations also had well- 
developed arts of agriculture and animal husbandry. During the Middle 
Ages there were undoubtedly local varieties of animals of good individual 
merit, but this period is noteworthy from our standpoint mainly as the 
time when the Arabian horse and the Merino sheep were developed. 
When Robert Bakewell started farming at Dishley in 17C0, the real 
foundations of our present-day breeds began to be laid, and during the 
next 100 years practically all the breeds of livestock now found in America 
were developed. Then, roughly from 1860 to 1900, the breed associations 
for pedigreeing, protecting, and promoting the various breeds were 
established, the whole of the above process taking place before the prin- 
ciples undcrlj’-ing reproductive physiology and hereditary transmission 
were known, although spermatozoa had been discovered by Leeuwenhoek 
and Ham in 1677 and the ovum by von Baer in 1820, During all this 
period men had to breed by rule-of-thumb methods, and it is likely that 
magic and superstition played a large part in breeding operations. 

Pre-Mendelian Plant Breeding.* — Conditions were very similar in 
the domain of plant breeding, good varieties of plants having existed and 
having been continuously improved since the remotest time. A German, 
Camcrarius, discovered the sexual nature of plants in 1691, and in 1717 
an Englishman, Fairchild, reported the first artificial plant hybrid. This 

‘ Rco Cook, It,, A Chronologj' of Genetics, U.S. Dcpl. Agr. Ycarhooh, 1037, pn 
1 ir.r-i 177. 
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nnFrDi\G AM) Oh t in\r AsmAiJi 

I\as follo\sc(l 1)\ cxten-i \0 work in tro sin;; phnfi during llir* »0 

■vears clmnxcKl bj Ivolrtutcr a work in (.»nmi»v mthcl7(/) « Ihmuv. 
thcncNt 100 jcar', plant b\l riihrors di loatritl and rop<)rtc<l the occur- 
rence of domumnee, rctc^ iveni-'** h>t>nd MRor, in< unJ 

character^, but thevo i ohtc<l fntts were not Mntbc‘‘iro<l into n pattern 
of principles of mbcntancc, and the vfitHic d relations iiulicvtinR the 
uniformiU of tlic beb iMor of tbe hcredit ir\ units were not reto^nirM 
Tbc cell tbeora was ad\ mce<lb> ‘'tblcidcn nn<l Schwann in 1B3S inc 
decade 1810-1S>0 Mw tbc bepnmnK of the proRona tt^tlnK of plants ba 
^ ilmonn the fi^urinR of the chromo'simcs b\ 1 lofmcister, the enunciation 
of tlio general principle of the contmuit> of the rc rm pla^m li\ Ow cn, am 
the ob'^raation of actual fcrtihiation of the crk h\ tlie hjierm in iweoi 
bj rhurct In 1858, \ ircbow finalU di'^po^cil of the old conception of 
spontaneous generation bj means of his pronouncement, omnia ccltuh e 
ccllula (c\cr\ cell from a cell) 

Tlicn within a pono<l of 7 acirs two of the most famous works of oH 
time came off the prc'-s llansma “Ongm of Species m 1859 'iml o 
paperhj Mendel “Plant ll>bridizations, m 1890 llie former crc'ite*! 
an immediate sensation, the latter, although it cont imed a clear and 
concise treatment of the basic principles of inheritance with pmcticall' 
perfect statistical results to huUrevs them, la> unnotictsl for 34 jears 
During thc^ jears great ad\anccs were made m the field of cjtologs 
llcrtwig pro\ed m 1875 that fertilization consisted of the union of male 
and female pronuclci which established the e(pial importance of both 
parents m hcreditarj transmission of potcnliahtiea Flemming reported 
the splitting of the chromosomes m 1879, san llcnwlcn the reduction of 
the number of chromosomes toonc-haU m the germ cells m 18S3,nertwiE 
Strasburger, KoUikcr and A 4\cismann m 1884-18S5 mdependentK 
and practically simultaneously idcntifieil the cell nucleus ns the basis of 
inheritance and in 1888 the chromosomes were named by ^\aldcycr 
In the field of the practical the progeny test in plant breeding was 
further de\ eloped trap-nesting of poultry begun and the Babcock test 
for determining the butterfat percentage of milk dtsco^erc<l In 18^1, 
Hays proposed the centgener method of progeny testing as the onh 
adequate method for determining the genetic make up and breethng w orth 
of an indmdual Statistical treatment of \anation b\ means of corrcIa 
tion II as des ised by Gallon m 1886 and the standard-dca lation technique 
for determining the significance of delations from theoretical perfection 
w as de% eloped by Pearson in 1898 

Bteedmg Advance smee 1900— \\,th the independent redi^ovei^ of 
the basic principles of mhcntancc by De \ nes Correns and\onT6cher 
mak m 1900 and the bringing to hght of Mendel s ongmal work, a new 
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impetus was given to both the scientific and practical aspects of plant 
and animal breeding. These principles were demonstrated in animals 
by Cuenot in 1902 and in man by Davenport in 1904. The interrelations 
between the behavior of the chromosomes cytologicall}^ and the trans- 
mission of characters genetically was shown by Sutton in 1903, and the 
mechanism of sex determination suggested by McClung in 1902 was 
confirmed by Stevens and Wilson in 1905. The term genetics was coined 
by Bateson in 1900, and the theory of the gene was developed by Morgan 
and his collaborators at Columbia University in 1910, based upon experi- 
ments with the pomace fly, Drosophila melanogaster, which has a genera- 
tion in 10 days numbering up to 400. Following the lead of Shull and 
East, many inbreeding and crossbreeding experiments were begun both 
to test and amplify the genetic theory and to try to develop true-breeding 
strains of both plants and animals. A host of discoveries of chromosome 
behavior in inheritance have developed since 1910, linkage, crossing 
over, the nature and production of polyploids, linear order of the genes, 
interference, limitation of the linkage groups, position effects, the function 
of inbreeding in reducing heterozygosity, the lethal action of certain 
genes, etc., the details of which we will meet in later chapters. Finally 
in 1927 came the artificial induction of mutations by X rays (Muller) 
and in 1933 the complete unification of cytology and genetics through 
Painter’s work with the giant chromosomes formd in the salivary glands of 
larval Drosophila. 

The possibilities inherent in the application of genetic principles to 
the improvement of both plants and animals have become especially 
rccognfzed since about 1I}20. In plants, many new varieties have been 
made to order, and “hybrid corn” is now used extensively throughout the 
corn belt. In animals we have again centered our attention on the basic 
fundamentals of proving sires by means of their progeny, as Bakcwell 
did in the eighteenth century^ and as Varro suggested to Homan farmers 
in the first century n.c. 

Genetics, or the science of breeding, has had a phenomenal develop- 
ment since 1900. The earliest characters studied were the most obvious 
external ones, such as color, horns, etc. This led some to expect that all 
animal characters would follow some such simple pattern of inheritance, 
and as a consequence many unjustifiable claims were made relative to 
the easy and rapid revolution in breeding practices soon to be achiev'ed 
by means of genetics. The basic principles of inheritance have been 
.revealed by means of the experimental breeding of small inexpensive 
and nvpidly breeding forms. Tlic detailed mode of inheritance of most 
of the commercially valuable characters of our larger forms of live-stock 
arc still unknown. Our lack of knowledge regarding the mode of inherit- 
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™ce of commcrcmlly .aluoblo d.-iraotcr, '■‘='^‘VL™nv'bu" 

the fact tint each parent produces onlj a small immlicr of ^ 

probably of more importance is the fact that such charactc 
quantitative nature ivith many pairs of genes being int ohcd >" 
inheritance The specific nature of the inlicritanco of 
characters is still far from understood even in rapidly reproducing 
such as Drosophila mice, and many plants ii hero they hat o been stu 
extcnsi\ely , 

Fortunately, we do not need to wait for the details to be disco 
any more than we needed to wait until the exact nature of electnci y 
should become known before putting it to use Knowledge of the broa 
basic principles, wlucli we now have, will expedite breeding progres 
tremendously whcne\er we develop the ingenuity and desire to rca y 
put it to work , 

The student should keep m mmd dunng the reading of the next tei' 
chapters that the facts revealed by means of breeding expenmen s 
furnished the matenals on which various portions of the theory o 
mhcntanco are based rather than the reverse of this process Breeding 
facts supply the matenals from which a working hypothesis can o 
formed Further expenments are then devised to test the validity of the 
hypothesis Such is the modus operandt of science 

Problems of Genetics — ^Tho pnncipal problem of genetics is of o 
threefold nature Obviously the geneticist is pnmanly concerned with 
the mode of transmission of potentialities from parent or other ancestor to 
offspnng The solution of this problem is of scientific interest but muen 
more so is it of practical concern On its solution hinges our ability to 
create plants and animals of a more useful type more useful in terms ot 

efficiency productivity longevity as well as those more able to withstand 

the onslaughts of drought disease and insect pests With this knoi'l 
edge man can if he wishes gradually eliminate various sorts of defectives 
from his ranks 

In addition there are two other problems facing geneticists One of 
these has to do with the physicochemical nature of the gene itself which 
when solved may throw considerable bght on the ongin and development 
of life m an evolutionary sense The third problem has to do with the 
developmental and functional processes of the organism the forces and 
interactions between the genes the cytoplasm and the environment 
leading to the organization of the material into a specific pattern 

Problem of Physicochemical Cause — ^An elaboration upon the physico- 
chemical entities that probably function m the transmission of similanties 
or the rise of differences belongs m the fields of chemistry and cytology 
Much progress has already been made here and it is through the cytologi 
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wl behavior of chromosomes that the foundation for present-day genetics 
has been laid. Researcli has established the fact that the behavior of 
the chromosomes in gamctogcncsis exactly fits the observed appearance 
and distribution of ciiaractcrs in the developed individual. Tins is an 
accomplishment of the greatest moment. There is no doubt l>ut that 
the chromosomes constitute the main “bridge of inheritance." Tlic 
function of the cytoplasm of the col! is not to bo overlooked, but it Rooms 
to be no more than fcccondury to the nuclear material contaiiietl in the 
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chromosomes In the cesc of cortara plants, there is genetic evidence 
that seems to indicate that certain clilorophjll characteristics of these 
plants are controlled by plastids which are distributed in a more or less 
haphazard fashion to the daughter cells, but tins is not a contradiction 
in any sense of Mcndclnn inheritance, but only an additional typo ol 
inhentance During the past few jears there has been much interest 
in the possibility that genes or gcnchhc substances may bo able to 
duplicate themselves in the cytoplasm and be passed on at cell divi- 
sion Positive proof for the existence of true “cytogenes” has not been 


advanced, ho\\e\er 

Many investigations are now in progress In an attempt to explain the 
nature of the gene Genes are probably complex nuclear proteins "which 
contain several types of nucleic acid The genes themselves are arranged 
in a definite order in morphological structures "in hich e call chromosomes 
The physicochemical processes which are inv olved when the chromosomes 
and genes duplicate themselves prior to and during mitosis arc incom- 
pletely understood Tor our purposes m this text, we can regard thc'o 
changes as complex biochemical processes which arc earned on bj nature 
wuth rather remarkable uniformity Whereas relatively complex steroid 
and carbohydrate compounds have been synthesized in the laboratorj 
for many years, even the simplest proteins remain to be produced outside 
living organisms 

During the past decade, many studies with lower organisms, pnncipallj 
the mold Neurosjiora and certain other microorganisms, have reicalcd 
much information in regard to genetic make-up of the organism and 
cellular function For example, mutant strains of Neurospora each failing 
to produce a specific enzyme are unable to synthesize certain specific 
vitamins of the B-compIex or ammo acids Other strains synthesize 
these materials readily It is now known that these functions are 
dependent upon the presence of specific genes The selection of strains 
of organisms for the maximum production of important antibiotics such 
as peniciUm or aureomycm and even the newest of the vitamins, the 


animal protein factor, are an outstanding example of the role of genetics 
in human welfare In each case there is good evidence that the bio- 
chemical principles involved are related to specific genes 

A complete delineation of the chemical make-up of genes and chromo- 
somes may not aid immediately m any practical manner in creating better 
organisms, but the knowledge for its own sake w ill be very gratifying u hen 
it can be achieved and future generations may put it to practical use 
Problem of Developmental Organization —Another great problem is 
that of hereditary specificity and developmental organization of the 
individual In other words, what is the mechanism resident m the 
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fertilized ovum “which impels it to follow in each case a definite line of 
development”? This problem, unlike that of the nature of the gene 
and transmission, which deal with the germ plasm, is concerned with 
the somatoplasm. The method of attack here is the embryological one — 
not the old descriptive embryology with its manifest limitations in this 
respect, but the new' experimental embryology, “using the term in its 
widest sense to include the study of such phenomena in regeneration, 
regulation, grow'th, etc.” This is primarily a study of ontogeny, and it 
will eventually fill the void now existing between the original zygote 
with its content of hereditary determiners and the fully developed adult 
exhibiting the characteristics for which determiners were present in the 
zygote, 

A great deal of intricate experimental embryological research is 
beginning to shed light on this problem. Transplantation and regenera- 

4 t> tf JL » cc 1 1 cc M If 

f< <c <t|t «c( ceil !• 

Pio. 87.-— Tho 24 pairs of chromosomes in human male. (P. Popenoe, The ChUd't HeredUj/, 
TVflitame «t Wilkins Company / ) 

tion techniques have shown that vaiious parts of the body act as organiza- 
tion centers, elaborating hormonallikc products which provide tho pat- 
terns for further development. Belly tissue of tlie young frog embryo, 
which, if left in place, would have produced skin, will, if transplntcd 
early enough to the region of the jaw'^ produce a normal frog jaw’. If^ 
how’cver, it is transplanted to the jaw’ region of a salamander, it will ns 
formerly produce jaw’ tissue, but it will be the jaw of a frog because 
of the frog genes that it contained. Development, therefore, is duo 
primarily to the genes and perhaps secondarily to the interaction of the 
developing tis&ucs with other nearby tissues, which, of course, have been 
gcne-<lotcrmincd. Also the amputation of half a limb of a .salamander 
will he followed by a complete regeneration of a normal limb, bone as 
well ns muscle and nerves, which indicates a substance in tho cells of the 
slump cai)able of directing the normal development of the tissues that 
spring from it. 

Problem of Mode of Transmission. — Tljcrc arc two methods of study- 
ing the manner in which chnractcristic.s arc transniitto<l from one genera- 
tion to the next. They arc (1) by studying the nncc'^tors of certain 
individuals or (2) by studying the progeny of certain individuals. The 
fonner, or anct*stor stud}*, may be carried on by means of biomeln.* or 
by means of data rworded in purebred bortl books. The progeny study 
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Sir riancis Gallon, later devclopwl 1)} Karl Tcarson, and 

'‘“nT'a’lcst useful tool m the hands of the analytical geneticist Js 
function IS to measure the degree of res^Wance ^ pe„l, 

viduals and to express the result in numbers As pointed out by 
the neakness of the methoil as a “ t g,ve the 

(1) It IS largely a method of description and does f J 

Lse of the meats, and (2) because b.ometiy gives thb *gree 
Wance between patent and offspring, and gs the 

of the resemhlance, the biometncal method (correlation) rnea^r th^ 
degree or intensity of inhentancc As Pearl points out, JJ , ” „ 
the sole cause that can lead statistically to a significant 
botneen parent and offspnng “Anything nhatsoever tends 

bring about local group differentiation iMthm the sample inoludea 
the table will tend to produce the same result, altogether mdepenaen 
any genetic relationship or the absence of it ’ , 

With its limitations and dangers kept m mmd, biometry, prop j 
used, IS a valuable agent m the study of genetics 

Herd books and production records of lucstock may be made 
yield valuable information on the problem of hereditary transmission^ 
With the aid of such records, the manner of transmission of superncia 
characters such as color markings, set of ears, and so on, as well as ® 
deeper lying functional aetivitie=, such as speed, milk production, etc , 
may be investigated This method can be criticized as being descnpti' e 
rather than experimental and m it there is also the danger that an 
investigator may not have access to all the relevant facts These recor 
are now beginning to yield information that should prove of great , 
to practical breeders by evplaimng how certain traits are inherited an 
possibly also by showing the falsity of timeworn beliefs 

The two preceding methods have dealt with the ancestors The fo 
lowing will be concerned with progeny This is the expenmenta - 
breeding or pedigree-culture method, which Mendel used so successfully 
He succeeded m discovering the bi^ic plan of hereditary transmission, 
because he reduced his problem to its simplest form and studied one pair 
' of contrasted characters at a time Like the Galtonian, this method is 
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also statistical. In general, it consists of producing pure races, crossing 
them, mating the hybrids, and ascertaining the ratios in the and later 
generations. This method has also resulted in the establishment of 
Johannsen’s pure-line theory and De Vries’s mutation theoiy. The 
former of these has been defined as “all the progeny of a single self- 
fertilized individual.” Such individuals eventually give rise to inbred 
strains that are homozygous genetically but ■\vdth fluctuating variations 
in each inbred line. These variations are probably due largely to environ- 
mental conditions and not to germinal variations. In other words, this 
points to the static character of the germ plasm, or its conservative 
nature. 

The mutation theory suggested by De Vries, on the other hand, postu- 
lates sudden heritable changes in the genes. This provides one means 
of heritable variation and points to the d3mamic character of the germ 
plasm, or its progressive nature. 

Finally the organism itself -will often provide a partial index to its 
genetic make-up. If a character behaves as a recessive, we know the 
genetic mako-up of an animal evidencing this character (for this char- 
acter). This is true also in a case where dominance is lacking, for the 
homozygous dominant (AA), the hetcrozygote (Ao), and the homozygous 
recessive (oa) will all evidence different expressions of the character. 
If the character shows complete dominance, however, we will be unable, 
to distinguish between AA and An individuals. 

In animal breeding, our aim is the creation of desirable and efficient 
animals that will of necessity transmit their o\\'n desirable qualities to a 
high percentage of their offspring. Wc want all the evidence that wo 
can get regarding the likelihood that our desirable animals -will be good 
transmitters. Summarizing the above discussion wo can got this informa- 
tion from 

the individuil 

its progeny its anccstora 

Genetics and the Practice of Breeding.— Tlio practice of breeding is 
older tlian histoiy. It.s method is Bclection, and its accomplishments 
legion. It has pro<luced fast, fancy, and farm horses; increa'-cd the 
yield of milk from a few hundred to -II.OOO lb. annu.a!ly;and ha.s produced 
the fowl that ha.s cnal)Ie<l man literally to conquer his world. Cienetics 
ackiiouIcdge.s gladly the achievements of empiricism and t'Oeks the reason 
“\\hy." 'file method of practical breeders has always been that of 
triid and error, and of necc‘^'<itj' there ha.s always heen a goodly f^hart* of 
the latter. '1 he greatest M'ryiec that /rrneJJrs cjin rr'i?iJrr i/> Ihp /wjc/lr/* 
of hreeiling lies in it.s ability to analyze ntal to provide logical evplann- 
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*,„n, Th.s.m>nev.taMyresuHu.^^^^^^^ 

a serMce of no mean value an underlying breeding 


a serMce of no mean value and underlying breeding 


and post ”no-pa:^»»u{i j 

expedite succe-fulbreedmg to a marked depee 

Hmiever, knowledge gamed through Eeuet.e atudms 
provided new methoda that mil load more ^ Stalled 

ttie goal of more beautiful form aud more f ‘/“"f Xaraetenstics 

kuouledge of the mode of inhen auce of v ery nature 

exhibited by higher ammala is still uulmoum to fu^iahThe solu 

of the problem is difficult, though genetics bids fair to fum j 

In men this has come about and the principles are thoroug y 
uldersW, genetics mil have proved itseU -rely ‘he 'rW-f 
animal breeding, to uhich it mil have rendered ^ '^y^^ling 
successfully and firmlj fitting _mto place the keystone of al 
operations, “rational selection ” , , , „ first of 

To he successful m breeding belter livestock, a person ^ gj, 

all love to work mth ammals Next comes the of one’s 

knowledge of the history, accomplishments, and shortcoming _ 

particular breed Practice m livestock judging bulwark^ by “ ™ ^ 

edge of anatomy and phy siology and by experience gamed through tu y 

of finished carcasses in meats courses should also prov e to be v ery 
Fmallv, courses m ^etennary hygiene and science, together w 
materials presented m the books dealing with animal breeding, sho 
complete one’s initial training for animal breeding work with ac 
expenence in the field serving as a continuing source of enlightenro 
and inspiration ^ 

Summary —This chapter serves as a general introduction lor 
consideration of genetics, which, as we ha\e seen, is conceme ^ 
similarities and differences exhibited by related organisms \ 

laid particular emphasis on the chromosomes as “the bndge of T 

ance,” but we should be careful not to o^e^look the large part play ^ 
b> both en^ ironraent and training m bringing anj mhented char^ er 
to its full fruition e traced \ery humedly the long history of bo 
plant and animal breeding and saw how the occasionally observed fac 
of inhcntance down through the ages were finally fitted together into a 
complete and complex whole by Mendel and his successors The tbr 
pnncipal of problems that genetics and related sciences are trjnng 

to BoUe were indicated as well as a prcMcw of the methods now being 
u'^Ml to effect solutions Finallj , we listed practical prerequisites fo^ 
the Bcicnlific animal breeder and indicated the role of genetics m t 
practical field of animal husbandry 
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THE PRINCIPLES OF HEREDITY 


Alcn ha\e Leon brotnlmR pi mis nml immsls for mimj llmii'^smls of 
j c iri, In the o irlipst stapes of brtoiliiip the Jn nn p«n’ 0 ‘'C ^\ as prohab J 
tint of scizinp upon fjuonhlc \ftrntiom m onltr to tr} to lmpro^c o * 
plant and animal bpeeics lij ullowiiip the c fmorahlc san itcs to n\c 
manj oflspnng and less desir \1 )\d ones lo hu\ e fess or none, a slow , ^ 

impro\cmcnt cnsuctl The question w \s “how ” can wo scciirc ct c 
plants and animals to fci^ e our hum in nectU? 

Farlj man, like diildfcn of loda\, was probabl} mmlomlj cunou** 
He wondered m a Napuc wa> about the stars, his own \slicncc an< 
whitbcT, etc Tlie c\tl> rpjplnns and Ivtcr, the Greeks begin n 
develop a sjatem of cxpcnmcntnl observation nml inquiry, but Iw 
events put a stop to thc«c licpinniups Up until about the josr 15(K)» 
aulhoritarnnism (bclicv mg wlnt others had bsul) and the fear of religious 
persecution succeeded m quite thoroiigbl> throttling anj mtolhgcn 
curiosity Gradually these shackles were unloo’-cd, and man began to 
add experimentation to speculation Tins was the beginning of the age 

of enlightenment Copernicus Brahe, Kepler, and Galileo soon prov e‘ 
through mathematical calculations and observation that the earth fi^ 
from being the center of the universe was m fact but one of severs 
relatively tiny specks which revolved around a rather punj star our sun 
Kewton soon combined the mathematical phjbics of Descartes and 
Galileo s law of falling bodies into the gravitational tlieorj of an order!' 
and immense universe in which nothing is left to chance or caprice 
These discoveries deductions and syntheses finally prov ed that old 
authorities w ere not infallible that observation and common sense bid 
their limitations because things were not always what thej seemed to b® 
and most important of all mans own reason backed by observation 
calculation and experiment was the most trustworthy guide available 
Eventually this intellectual curiosity was directed toward the world of 
living things Man began to experiment to try to find out “why the 
results of certain mating yielded certaiiv results This w as cspeciaHj 
true in the plant kingdom in which many men carried on plant liybridiza 
tion experiments m attempts to fathom nature s secrets in the trans 
mission of characters from parent to offspring In 1G94 CameranUS 
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published a work ^Yhich showed that plants u ere sc.\iml organisms. In 
1717 occurred the production of the first artificial plant hybrid by 
Thomas Fairchild. The work of Spallanzani in the eighteenth and 
Pasteur in the nineteenth century proved the old idea of spontaneous 
generation to be a fallacy; Schlciden and Schwann discovered the cellular 
nature of plants and animals; and Dan\in established the validity of the 
process of organic evolution. 

Finally, bleeding experiments ■with peas carried on from 1857 to 1865 
by an Austrian monk, Johann Gregor Mendel, revealed some of the basic 



Tiq. SS — Gregor Alendcl, the disco\erer of the laws underlying inheritance 

principles of hereditary transmission. There had been many other plant 
hybridizers before ^lendel, but he was the first to attack the problem 
on a large enough scale and in such a thoroughgoing way that it became 
possible (1) to determine the number of different forms under w’hich the 
offspring of hybrids appeared, (2) to arrange these forms with certainty 
according to their separate generations, and (3) to ascertain definitely 
their statistical relations. In 1800, he published a report of 8 years’ 
hybridization experiments, though 34 ycais elapsed before the validity 
of his pioneer work was established. Mendel, like many other men who 
have thought ahead of their time, died before the results of his splendid 
pioneering were appreciated. 

Like many other natural phenomena, this matter of inheritance yielded 
to a fairly simple interpretation, and ^Icndcl’s success was due in largo 
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measure to the fact that he reduced hw problem to its ^ cr% simplest form 
by studying one pair of contrasted diaractcrs at a time, coupled ^\lth the 
fact that ho happened to u ork vith chariclm ^\hlch u ere determined by 
genes earned in different chromosomes and uhich therefore assorted 
independently Mendels discoscry was duplicated m 1000 bj three 
botanists, DoYncs, Correns, and \on Ischcrmak, and this led cacntually 
to the discovery of Mendel s onginal paper 

Mendel’s work laid the basis for the later establishment of tw o of the 
general laws of mhcntance, iiz , those of segregation and of independent 
assortment To these ha\c been added, since 1900, the following 
linkage, crossing over, linear order, mtcrfcrcncc, and limitation of the 
linkage groups Some of these later principles are m a sense antithetical 
to the ongmal Mcndchan principle of independent assortment, but for 
the sake of clarity and unity all the phenomena of inheritance, based on 
the reactions of genes, are generally known under the collccti'c term 
McndeZtsm 

MENDEUAN TERMS 


The followang are some of the terms now in general use m referring to 
Mendchan phenomena 

Untl Characters Any characters of any organism that beha\e as a 
umt in inhentance — plant size m peas, horns m cattle, etc 
Genes The units of inheritance that probably react together and with 
the cytoplasm, and those two with the environment to make patent the 
organism's latent potentialities 

Allele* Mendehan characters arc inherited m altcmati\ e pairs (or 
eenes) These alternative forms of a gene, which arc located at the 
same point on each one of a pair of chromosomes, are called alleles, c g , 
albinism (recessive), normal pigmentation (dominant) , horns (recessive), 
hornlessness (dominant) (Allelomorph, allelic, adjective — variants ) 
Dominant* A character, possessed by one of the parents of a hybrid, 
which IS manifested m the hybnd to the apparent exclusion of the con- 
trasted character from the other parent (the recessive) Thus in a cross 
of green- and yellow-seeded peas the first generation has yellow seeds 
Yellow la dominant and green is recessive, being transmitted but not 
appearing m the presence of the factor for yellow 

Hybrid The individual that arises from crossing parents which are 
pure for certain different characteristics Crossing tall (TT) on dwarf 
(f{) peas produces a hybnd {Tt) 

Umohyhnd A hybnd that is heterozygous for one pair of allclw 
genes 


• Definitions marked with an asterisk taken from 
V 5 Dejtt Aar Yearbook 1936 pp 1SS-1C4 


Glossary of Genetic Terms 
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Dihyhrid. A'liybrid that is heterozygous for two pairs of allelic genes, 
Trihyhrid. A hybrid that is heterozygous for three pairs of allelie 
genes. 

Phenotype. The expressed character (or sum of all the characters) of 
an organism; c.g., if, in peas, genes for both the tall and the dwarf char- 
acteristics (jT and t) are present, the pea grows tall, and therefore belongs 
to the tall phenotype. 

Genotype. AMiat an organism actually is as determined by its germ 
plasm; c.g., TT and Ti are both tall peas, therefore, the same phenotype, 
but because of their different genotypic constitutions will transmit 
differently and therefore belong to different genotypes. 

Heterozygotc*. An organism to which its two parents have contributed 
unlike genes with respect to any given allelic pair governing contrasted 
characters, and which in turn produces two kinds of germ cells with 
respect to the character. (Heterozygous, adjective.) 

Homozygote*. An organism whose parents contributed to it a similar 
member of any given pair of genes, and whose germ cells are therefore 
all alike with respect to the genes for that character. (Homozygous, 
adjective.) 

Race*. A group of individuals having certain characteristics in com- 
mon because of common ancestry — generally a subdivision of a species. 
Gamete. A reproductive cell of either sex; a sperm or ovum. ■ 
Heredity*. The resemblance, derived from the ancestry, among 
organisms related by descent. 

P. Parental generation. 

Fj. First hybrid generation — made by crossing P X P^ 

Fi. Second hybrid generation — made by crossing two Fi hybrids. 
Variation*. In biology, the occurrence of differences among the 
individuals of the same species or variety. 

Haploid. Single; referring to the reduced number of chromosomes in 
the mature germ cells of unisexual organisms (71) . 

Diploid*. Having two sets of chromosomes. Body tissues of higher 
plants and animals are ordinarily diploid in chromosome constitution (2n) . 

Polyploid*. Normal body cells of the higher plants and animals have 
two sets of chromosomes. Polyploids are forms having three or more 
of these basic chromosome sots (3 or more n). 

Hctcroploid*. An organism characterized by a chromosome number 
that is not a multiple of the basic haploid number. 

Physical Basis of Inheritance. — ^In Chap. Ill we presented a short 
discussion of chromosomes and genes, and in Chap IV and V wo outlined 
the mechanisms involved in the production of sperm and ov’a and the 
behavior of the chromosomes during these processes. 
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The chromo'omcs arc sometimes callwl the “bridge of inheritance 
since Ihcj' &cr\'c as the sole connecting link hetw ech each t«o siiccccfJing 
generations. The ultimate indivisible units of inheritance are the genes. 
^^^lilc genes are units, they do not behave as sucli because many of them 
are joined together in a linear series and this group of genes is called a 
chromosome. The chromosomes consist of a definite number for each 
species of plant and animal. 

Any individual is duplex in its chromosome make-up (except for the 
sex chromosome in the male in roost higher organisms). Tlic chromo- 
somes are paired in each body cell, one member of each pair having been 
supplied by each parent. Wlicn an organism produces germ cells, how- 
ever, only one member of each pair is found in each resulting gamete. 
In this fashion, the number of chromosomes is retluced to one-half in 
each gamete, and the normal species number of chromosomes is again 
restored when an egg and sperm unite at fertilization. 

The Essence of Mendelism. — One of Mendel's experiments in%‘oIved 
the crossing of tall and dwarf peas, and he found that all the offspring 
grew tall, because in this species tall growth is dominant over (l^sarf. 
IiVhen these h\ hybrids were crossed, tbe resulting /•’* generation con- 
sisted of tall peas and dwarf peas in the ratio of 3:1. The following 
diagram should make this clear: 


TT 

pure tall parent 
T 

pollen after reduction 



a 

pure dwarf parent 
omlca after reduction 

Tl Fi hybnd (tall) jeitlier ovule fcrtiluedi 

pollen of hybnd after reduction tby either pollen ' 


T ( ovules of hy bnd 

TT Tl ft 


tall 

3 


after reduction 

a 


The TT peas are pure for tallness and will produce all tall offspring. 
The same holds true for the U peas in respect to dwarf ness. The two 
Ti peas are phenotypically tall, but carry the factor for dwarfness f as a 
recessive. Two of these crossed wmuld again give; 


1 



rr, 77, Tt, tt, etc , ad infinitum 
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This 3:1 ratio is phenotypic, the genotypic ratio being 1:2:1. This 
Avas the gist of Mendel’s Avork; wz., starting Avith parents pure for some 
contrasted character, hybrids A\*ould be produced in the Fx that looked 
like the dominant parent; and, in the Fa, H the population Avould be 
pure for one grandparental characteristic, ^ pure for the other grand- 
parental characteristic, and would carry both factors and resemble 
the dominant parent. 

Mendel’s Hybridization Experiments. — ^It is of importance to knoAV 
hoAA’ far IMendel’s results and later experiments meet mathematical 
expectations. For this reason it Avill be Avell to consider both Mendel’s 
original Avork and some later experiments. The point at issue is Avhether 
Mendel discovered an interesting restricted phenomenon in peas or a 
universal laAV’ of inheritance. 

Mendel secured some 34 more or less distinct varieties of peas and, 
before beginning his OAvn experiments, subjected them to a 2-year trial to 
ascertain Avhether or not they Avould breed true to type. ICnoAving that 
some characters of plants are transmitted unchanged to the hybrids and 
their progeny and that one of each pair of contrasting characters of two 
plants appeared in the hybrid as the dominant character, Avhereas the 
other (recessive) reappeared in the progeny of the hybrid, Mendel planned 
his experiment to observe and record the proportion of each pair of 
differentiating characters in the succeeding generations of hybrids and 
to deduce the laAV according to Avhich they appear in the successive 
generations. 

Mendel selected the folloAving seven pairs of contrasted characters for 
study 

1. The difference in the form of the ripe seeds. These are either round or 
roundish,^ the depressions, if any, occur on the surface, being always only shallow; 
or they arc irregularly angular and deeply wrinkled. 

2. The difference in the colour of the cotyledons. The albumen of the ripe 
seeds is either pale yellow, bright yellow, and orange coloured, or it possesses a 
raoio or less intense green tint. 

3. The difference in the colour of the seed coat. Tliis is either white, witli 
Avhich character A\hitc flowers arc constantly correlated; or it is grey, grey brown, 
leather hroten, with or nithout Aiolet spotting, in wlneh case the colour of tJjo 
standards is A*iolct, that of the brings purple, and the stem of the axils of the 
IcaA’ea is of a reddish tint. The grey seed coats become dark brown in boiling 
water. 

4. The difference in the form of the ripe |>ods. These arc cither simply injlaied, 

• Carti.k, W. li., “Gonctira and tugcnics," p. 317, Ilarvanl University Press, 
Cambridge, Mass., 1010. 

* In each case the ilominnni character »s italicized. 
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not contracted m pHcco, or l\ic> arc clccplj constrntcil between the tcoih and 
more or less \\nnUed 

5 The dilTcrciicc lu the colour of the unni>c pods Ihcj nre eitiier ligM to 
dark green or widly jellow, m wliitlr colouring the stalks, lc.if \cins ind caljx 
participate 

G The dilTcrencc m the position of the flowen They arc either oxiai, that 
IS, distributed along the main stem, or llicj are terminal, that is, bunched at the 
top of the stem and arranged almost m a false umbel, in this case the upjicr part 
of the stem is more or less wadened in section 
7 The difference m the length of the stem The length of the stem is aerj 
vanous in some forms, it is, howeaer, a constant character for each, in so far 
that healthy plants, groun m the same sod arc onlj subject to unimportant 
variations m this character 

In experiments Math this character, m order to be able to discriminate irith 
certamtj, the long oiis o/ G lo 7 feel is alviajs crossed aith the short one of H 
l}< feet 


The results of segregation in the Ft m those sc\ on scries of experiments 
by Mendel are sho^^n m Table 18 

Mendel ivas dealing a\ith slnctly contrasting characters and got no 
mtenncdiate or blending forms The matter of personal bias was there- 
fore obviated The phenol>pic ratio that Mendel secured m the Ft 
iMth each pair of contrasted characters nas m no case significantly 
different from 3,1 Many other imcstigations of single contrasting 
characters have yielded a similar 3 1 phenolj'pic ratio in the Fs 
Mendel carried some of the descendants of the abo\c hjbnds along 
through four to se\en generations and reported that “no departure from 
the rule has been perceptible ” 


Table 18 — Susiiiaet of Mendel’s Expeiuments mtth Peas 


Kumber 

Character contrast 

Number 
to Ft 

Domi- 

nants 

Ilisces- 

Bives 

Patio 

1 

Form of seed 

7,324 

5,474 




Color ot cotyledons 

3,023 

6,022 




Color of seed coats 

029 

705 




Form of pod 

1,181 

SS2 



5 

Color of pod 


428 




Position of flowers 

858 

651 




length of stem 

I,0G4 

787 ' 

277 ! 

2 84 1 00 

Totals 


19,959 

14,949 

5,010 

2 99 1 00 


also made crosses o£ mdniduals diffenng simultaneously in two 
m three characteristics and found the same underlying 
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active; viz., the F\ hybrids looked like the sum of the dominant char- 
acters put in by both parents, and in the Fz all the characteristics were 
recombined into all the possible combinations. 

The Mendelian Theory of Inheritance. — The essence of Mendel's 
work is summed up in this statement' of Mendel’s. 

The results of the previously described experiments led to further experi- 
ments, the results of which appear fitted to afford some conclusions as regards 
the composition of the egg and pollen cells of hybrids. An important clue i^ 
afforded in Pisum by the circumstance that among the progeny of the hybrid^ 
constant forms appear, and that this occurs, too, in respect of all combinations 
of the associated characters. So far as experience goes, we find it in every case 
confirmed that constant progeny can only be formed when the egg cells and the 
fertilizing pollen are of like character, so that both are provided with the material 
for creating quite similar individuals, as is the case with the normal fertilization 
of pure species. We must, therefore, regard it as certain that exactly similar 
factors must be at work also in the production of the constant forms in the hybrid 
plants. Since the various constant forms are produced in one plant, or even in 
one flower of a plant, the conclusion appears logical that in the ovaries of the 
hybrids there are formed as many sorts of egg cells, and in the anthers as many 
sorts of pollen cells as there are possible constant combination forms, and that 
these egg and pollen cells agree in their internal composition with those of the 
separate forms. 

In point of fact, it is possible to demonstrate theoretically that this hypothesis 
would fully suffice to account for the development of the hybrids in the separate 
generations, if we might at the same time assume that the various kinds of egg 
and pollen cells were formed in the hybrids on the average in equal numbers. 

Afefldd’fi' results were pciWislrei la 1800, and his paper wus’ dxseovereef 
by Do Vries, a Dutch botanist, in running down the literature on plant 
hybridization following his own experiments with the evening primrose, 
from which work he formulated his theory of mutations and his law of 
“the splitting of hybrids.” Apparently Correns in Germany and von 
Tsehermak in Austria discovered the latter principle at about the same 
time. 

The principles evidenced by the work of IMcndel, De Vries, Correns, 
and von Tsehermak have since been named segregation and independent 
assortment. 

1. Segregation. A new individual arises from the union of a male 
and a female gamete that contain a sample half of the complete genetic 
material of each parent, i.c., one or the other memher of each pair of 
chromosomes. ISach parent contributes n complete haploid .sot of chro- 
mosomes to each of its ofThpring. When this new individual matures 

‘ CvsTir, op. n't., p. 312. 
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and beams to produce germ cells, the latter go through the P™™” “ 
reductL, at nhich time the chromosomes put m by the P-'™*" 8 B ‘ 

or separate out from each other, one memlmr o each pa,r gomg to ea 
of the secondary germ cells, m all the poss.ble ™mbma mns Tin 
principle is illustrated m the tall- and d«arf-pca cross, the pollen 



PiQ 89 — Diagram showing consoqucncca of independent segregation of chromosomes 
DroBophUa ampeloph^ia (J^rom Baba/ck and Clauten Cenetic» in Relalton to Affi'tctilture J 

ovules produced m the Z’l hybrid coataining a chromosome in uhich JS 
located either the gene for tallness or the gene for d\\ arfncss 

2 Independent Assortment The chromosomes of the hybrid assort 
themselves at reduction into all possible combinations, each germ cell 
necessarily having one member of each pair of chromosomes With 
one pair of chromosomes two genetically different germ cells are produced 
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(2^ ; with two pairs of chromosomes, four genetically different germ cells 
are produced (2=) ; with three pairs, eight genetically different germ cells 
are produced (2®); etc. Chromosomes and genes were unlaio\\Ti in 
Mendel’s day. He did not speak of them but rather in terms of the 
characters of his plants. Since, however, all of the characters in peas 
■with which Mendel worked were apparently determined by factors 
(genes) located in different chromosome pairs and no two of them by 
genes in the same pair of chromosomes, Mendel was able to postulate 
the most important principle of inheritance, independent assortment, 
which actually applies to chromosomes and not, as Mendel perhaps 
thought, to characters. 

Segregation and independent assortment constitute two of the basic 
principles of inheritance. For independent assortment or distribution of 
characters, the pairs of contrasting characters considered must be deter- 
mined by genes carried in different chromosomes. If the two or more 
pairs of contrasted characters were determined by genes carried in the 
same chromosome, they would not be expected to assort independently 
but rather to remain linked together. Linkage relations will be discussed 
later. 

Monohybrid Crosses. — A monohybrid is a hybrid that is heterozygous 
for one pair of allelic genes. When we cross a homozygous tall parent 
(rr) wth a homozygous dwarf {It) we get a monohybrid {Tl), If two 
of these monohybrids are crossed, we get a ratio of 3 tall :1 dwarf off- 
spring. For an explanation of these breeding facts we assume that one 
parent has the genes for tall growth and the other parent the genes for 
dwarf growth at similar loci in homologous chromosomes, and that these 
genes are both present in the monohybrid but separate or segregate when 
the raonohybrid produces germ cells with the haploid number of chromo- 
somes. Hemcmber, -Nve have never seen these genes, and, if we could see 
them, they ■would have no labels. We get these certain results from' 
certain crosses, and, knowing the general behavior of the chromosomes 
at gametogcncsis, yva use the simplest theory possible to explain the 
breeding results, in this case, one pair of genes. 

Polled and horiicd cattle might be substituted for tall and dwarf 
peas and the problem ■worked out in the same way, the polled being 
dominant to the homed condition. 

Dominance between alleles is not a universal phenomenon; c.g., 
in a cross between a red and a w^liitc Shorthorn the Fi arc all roan. 

red RR X rr white 

gcmi coll /i. .r germ cell 

r I ' *Rri 'a roan pattern (mixture of red 

and white hairs) 
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I! we mate roans, we will get 


j Eggs 

Sperm 

R 


n 

RRred 

Rr ronn 

j r 1 Rr roan 

rr white 


or a phenotypic ratio ot 1 red 2 roans 1 white, instead ot the 3 1 pheno- 
typic ratio that is evidenced when dominance between the genes is 
present This 12 1 phenotypic ratio is also seen to bo the genotypic 
ratio in other words, we can tell by the appearance of these animals 
^\hat their genotypes for color are Lack of dominance is, therefore, 
seen to he an advantage, and dominance a disad\ antage from a practica 
breeding standpoint, because the latter permits iw o or more genotypes to 
be masked under one phenotype 

Dihybnd Crosses — A dihybnd is one that is heterozygous for tno 
pairs of allelic genes As an example, iNe can take the case of a cross 
bet\\een a homozygous smooth, black guinea pig (rr BB)^ and a homozy- 
gous rough, white (RR bb), ^\hlch would give the dihybnd heterozygous 
rough, black (rough and black bchaMng as dominants) 

smooth, black rr BB X B/lb6roiiBh white 
geioi cells rB Rb germ cells 

Fi dihybnd Rr Bb heterozygous rough black 

Mating two of these dihybnds together would mean that any egg 
could be fertilized by any spenn These possibilities are best showm bj 
means of the following checkerboard arrangement (Fig 90) 

When two of these Fi dihybnds produce germ cells, spermatozoa 
or ova as the case may be, each germ cell will have the chromosome 
w ith the gene for either rou^ness or smoothness, R or r, and the chro- 
mosome with the gene for either black coat or white coat, B or b, because, 
being located in different chromosomes, the two pairs of genes assort 
independently All the possible combinations of the four genes repre- 
sented m the hybrid would be expected, therefore, both m the spermatozoa 
produced by a male as well as the ova produced by a female 

' The notation used m this book » based on using the capitalized first letter of the 
dominant character to represent the dominant gene and the corresponding small letter 
to represent the recessive gene In this case rough and black are dominant there- 
fore RR (or Rr) = rough rr = smooth BB (or Bb) = black bb =» white 
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RrBh X RrBh 


Sperms 

Ova 

RB 

Rb 

rB 

rb 

RB 

RR BB 

RRBb 

RrBB 




RRbb 

RrBh 


SuJB 


RrBb 

rrBB 


rh 

Rr Bb 

fir 66 

rr Bb 

rr bb 


Tia. 90. — Checkerboard of tho Fj of ft dihybrid cross of smooth black X rough ■white 
guinea pig. 


In the above checkerboard the presence of at least one large 72 deter- 
mines roughness, at least one large B determines blacicness, othenvuso 
the animal Avill be smooth and white. Segregation is an extremely 
important feature of inheritance, because tlirough it something entirely 
new may bo created. Starting with smooth, black and rough, white 
guinea pigs, something now, a smooth, white individual was created. 
Figure 00 indicates that the following results have been secured. 

9 rough blacks — at least one 72 and one B. 

3 rough w'hitcs-— at least one 72 and two t’s. 

3 smooth blacks — tw'o r's and at least one 77. 

1 smooth white — two r’s and two t’s. 

This is the usual dihybrid ratio, aUhough there are several variations 
of it due to lack of dominance in one or both pairs of gon 0 .s or to various 
forms of cpistasis. 

Similarly, if we mated a homojygous polled, black bovine to a homed, 
red one, wo would get the results shown below. 

polled, bJnck PP BP X VP liorncd, red 
cenn colls PB 

N 

Fi dilo brill Pp lib helcroj5yKOu«< polleil, blirk 

lApcrioncc lias riiowm that the polled condition is dominant over the 
homiHl condition, and black color over rc<l in cattle. 

The genes for polltsl or homed and for black or red are apparenll^* 
located in difTert'nt chromosomes, when we mate diliyhrids 

P]} Jib, we get a ratio of 

0 pollinl bhieks. 

3 pollwl nils. 

3 homeii blacks. 

1 honwil rwl. 
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indicating that the germ cells containing genes PJi, I‘b, pB, and ph were 
produced m equal numbers by all these dili> brids 

The nine polled, black individuals are of the same phenotype but the 
nine are made up of 

IPPBB 
2PPBb 
2PpBB 
4 Pp Bb 

or four different genotypes m the same phenotype, ond the only nay to 
ascertain the different members of these four genotypes is through breed- 
ing trials This bnngs to our attention a very important practical con- 
sideration, i;i 2 , that we can’t always tell by the appearance or perform- 
ance of an animal, its phenotype, how it will transmit The PP BB 
animal is polled and black and all of its offspring w ill be polled and black, 
because it must transmit both gene P and gene B to all its got But the 
Pp Bb animals are also polled and black, but these animals may transmit 
the combmations of PB, Ph, pB, or pb genes to their ofTspnng One of 
the latter animals (Pp Bb) if mated to horned, red animals 'vill get off- 
spring as indicated below , 



PB 

Ph 

pB 

ph 

pb 

Pp Bb polled, 
black 

Pp 6t> polled, 
red 

pp Bb horned, 
black 

pp 6b homed, 
red 


whereas a homozygous polled, black animal, PP BB (germ cells all PB), 
if mated to homed, red animals will get all polled, black offspring, Pp Bb 
The way m which an animal will transmit depends on its genotype, 
which may or may not correspond with its phenotype The later chap- 
tft,’:?, of* tb.’A w?* va v&SShu, t'ntjup, unA vw-mt; ^ 

devoted quite largely to a consideration of the procedures necessary to 
learn the genotypic make up of our breeding animals 

A situation similar to the two dihybnd examples described above pre- 
vails in the inheritance of comb shape in poultry, but here the tw o pairs 
of factors influence only one charactenstic instead of two In this case 
RR pp birds are rose-combed, rrPP birds are pea-combed, and, when 
these are crossed, giving Rr Pp, the combs are walnut-shaped Crossing 
two walnuts, Rr Pp, gives 9 walnuts, 3 rose, 3 pea, and 1 single comb, 
rrpp 

Tnhybnd Crosses —A tnhybnd is one that is heterozygous for three 
pairs of allelic genes The reader can now figure out for himself the 
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rio, 01. — DiixKrnm uliowini? internction of factors for romb form In fowls. Tlio cross of » 
imro ro'H‘-comh Hrtl with a pure pca*comI» one Bivt*s all wn1nnt*combrtl ofTjiprinc. The Id 
pojuuhlc rotnhitmtions of the f’t trainelcs, with their jtcnotyi>os and the phenotyixH re*tultiniJ 
from factor interaction, arc shown in the Ft chcclcerboard. (From Strmoft and Dunn.) 
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results to be cxpectid from crossing the trihybruls secured from mating a 
rough, black, short-haired guinea pig = KK SS 


° smooth, uhito, long-haired guinea pig = rrhh ss 

giving the trihybrid rough, black, short Rr lib bs 

remembering that these trlhybnds can secrete the 
germ cells (for these genes are in different chromosomes); 
RbS, Elis, rBS, rBs, rhS, rhs. 


WB 



Fio 92 —Diagram showing inherilanco of poUeti, white face, and black body characteristics 
and their allelomorphs m an Angus-llereford crosa through F > 

A similar problem can be worked out in cattle involving the crossing 
of Angus and Herefords. 

Angus (polled,^ black body, black 
. face) = PR BB ww 

Hereford (homed, red body, white 

face) « pp bb WW 

The monohybrid cross =31 ratio 

The dihybnd cross = (3 1)* ratio, or 9'3;3.1 

The trthybnd cross = (3 1)’ ratio, or 27*9 9 9‘.3:3:3'.1 

Multifactor Crosses. — ^Little and Phillips report an experiment involv- 
ing four pairs of independently Mendelizmg factors in mice They 
crossed a wild male of the genetic constitution AA BB DD PP (A for 
‘ In crosses between polled and homed breeds of cattle the offspnng are not by 
any means all polled, even though H is true that the latter condition is due to a domi- 
nant gene and m spite of the fact that the polled parent is homozygous Some scurred 
and homed animals usually appear This can be explained by postulating a gene 
for scurs (Sc), -which os epiatatic to polled (P) m either heterozygous (Sc sc) or homo- 
zygous (Sc Sc) males, but which is epistatic only m females that are homozygous 
(Sc Sc). A similar epistatic relation apparently holds for a special hom gene (Wo), 
distinct from the gene (H), earned by ail homed breeds, and found principally m 
certam homed breeds of Africa {Kam Agr Expl Sla Bien Rept p 87, 1936 ) 
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agouti pattern, B for black coat, D for intensity factor, and P a factor 


for eye coloration) on a pink-eyed, dilute, brown 
female of the genetic constitution aa hh dd pp. 
The observed ratios from such a cross in the 
were in all cases Tery close to expectations. The 
chromosomal interpretation of the segregation and 
recombination of factois in this cross is the same 
as was found in the mono-, di-, and trihybrids. 

In the case of a monohybrid, 4 individuals are 
secured in the Fz checkerboard; a dihybrid gives 
16; a trihybrid, 64. One involving four pairs of 
contrasted characters would furnish 256 
individuals in the Fa; and, if ten characters were 
considered simultaneously, 1,048,576 individuals 
would have to be considered in the Fa generation. 
It can readily be seen that the problem is becom- 
ing unu’ioldy. For tills reason, very few crosses 
involving as many as four pairs of contrasted 
characters have been worked out. 

Most of the commercially important char- 
acters of our farm mammals do not behave in 
inheritance as though they were determined 
by only one, two, or three pairs of genes, hut 
rather as though they were determined by the 
combined interaction of dozens or scores of pairs 
of .oil f.lw 

chromosomes. A different technique must, there- 
fore, be employed ^\hen dealing with characters 
determined by many genes. Even though a 
character ^\as determined by as few ns three genes, 
wo liavc seen that in the Fj ^^c could get eight 
different genotypes. 

27 with at least one .fl, one JJ, undone C. 

9 with at least one one B, «nd c’s. 

9 witli at leubl one .1, and one C. 

D with n’s, one* 71, and one* C. 

3 with at least one A, Vs, niul c’s. 

3 with fiV, one* 77, and r’s. 

3 with 5*s, and one* C. 

1 with nV, hV, and r’n. 


’p 

S S 9 .S 

I Ifcfe 1 1 ^ 

ft- ft »■ fi- .V 




fefe 9 9 

Aan, A A.e. 


^ I hhhhhhhh i 

g AAA ft Aft 3 

g ft,C,ft,e,ftAAA 

3 


A AAA 

B,c,R,a,A,a,ft,ft, 






bs 9 9 9 




• A! 



320 mEEBIl^a AED IMPROVEMiM OF FARM AMVAIJ 

This IS a total of 04 md.Mduals m the F. and represents 27 different 
Renotypes Only one of these genotj pea (the last one, in\ oh mg a 
fetters)! can bo recognized on sight, C^and 

be instituted to reveal the genotypic differences between ^ “ 

Aa BB Cc individuals, etc So the fact that there apparentlj are so fc« 
unit characters (determined hj one or n fen pairs of genes ™ 
farm animals is no great loss or hardship, for it is not prac ical to deal 
nith more than one or tno pairs of genes at a time, especiallj in species 

which have relatively as few offspring as our farm animals and where tn 

Table 19 —Relation betvtefn tiif KininER of Grsr Paihs Iwola eo in a Cross 
AND the Number of Phenotypic and Gi sottpic Ci^rses in thf r i 


Number of 
gene pairs 
involved 

Number of visi- 
bly different Fi 
classes if domi 
nance 13 complete 

Number of dif- 
ferent kinds of 
gametes formed 
byF, 

Number of geno- 
typically differ- 
ent combinations 

Number of pos- 
sible combina- 
tions of F 1 

1 gametes 


2 1 

i ' 

3 

1 

2 

4 

4 

9 

16 

3 

8 

8 

27 

64 

4 

16 

16 

81 

256 

n 

2- 

2 - 

3* 

1 


proper combinations of several genes might by chance never bo secure 
in the small numbers available 

The above table should help to make this point clear 
It must be remembered that, in order to secure independent BCgrega 
tion m all the types of hybrids studied above, it is necessary that the 
genes be located in different chromosomes This of necessity limits, m 
any species, the number of pairs of contrasted characters that can show 
independent assortment to the number of pairs of chromosomes found m 
that species Drosophila melanogaster, for example, uith four pairs of 
chromosomes could not manifest more than four pairs of independently 
segregating characters at any one time No cases have been discovered 
where there are more independently segregating pairs of contrasted char- 
acters than there are pairs of chromosomes If, m Drosophila, five pairs 
of contrasted characters were considered at one time, it would, of neces- 
sity, mean that at least two of these pairs of characters were determined 


by factors earned m the same chromosome Such a condition is knoi'm 
as linkage and will be discussed later 


MODIFIED TWO GENE RATIOS— DOMINANCE LACKING 
We have seen above that, if two genes which, determine different char 
acters are located in different chromosomes and one of the members of 
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each pair of genes is dominant over its allele, '\ve -will secure a 9:3:3: 1 
ratio when we cross two F\ dihybrids to get the Fz generation, and that 
the same ratio holds if the two genes control only one character (comb 
pattern in poultry). 

However, if one pair of genes lacks dominance, we would not get a 
9:3:3:1 but a 3:6:3:1:2:1 ratio, because the first phenotype containing 
9 individuals breaks up into phenotypes containing 3 and 6 individuals 
each; whereas the third phenotype containing 3 individuals breaks up 
into two phenotypes containing 1 and 2 individuals each. The following 
figure will be useful in explaining all of the various modifications of the 
9:3:3:1 ratio. 


Aa Bb X Aa Bh 



Sperm 

AB 

Ab 

qB 



AA BB(l) 

AA BHS) 

Aa BB(9) 


^^3 

AA Bb(2) 

AA 66(G) 

Aa B!>(10) 


S^S 

Aa BB(3) 

Aa B6(7) 

aa BB(n) 

no B6(15) 1 

at 

Aa Bb(4) 

Aa 66(8) 

aa B6(12) 

wmsm 


Tia. Oi.*— Geucrahtod checkerboard of a two-gene cross. 


If wc crossed a polled,^ red animal, AA BB, with a homed, white one, 
aahh, the Fi would bo polled and roan," Aa Bb, assuming gene A for 
polled to be dominant over gene a for horns, but geno B for red not to he 
dominant over gene b for white, the presence of both iJ,nnd b giving the 
roan color. Then wc would have in Fig, 94: 


Squares (1), (3), and (9) 3 polled, red 

Squares (2), (4), (5), (7), (10), and (13) 6 polled, roan 

Squares (0), (8), and (14) 3 i>o!lcd, white 

Square (11)....... 1 horned, red 

Squares (12) and (15) 2 honietl, roan 

Square (10) 1 lionicei, white 


If dominance were lacking in both pairs of genes, a.s it is in a cro.s.s 
between a red-flowered broad-leaved (A/1 Bli) and a wlute-flowcred 
narrow-leaved (ao hh) snap<lragon, for the Fx is pink-flowered witli leaves 
of intermediate width, then the F* would compri.^-c AA re<I, Aa pin):, 

* Wc arc departinc from o\jr notation in ordiT to Ik* able to uhc one fifftire of 

rffcrrncc for nil the type's of \']iri.-ttion due to lack of dominance niul epistasiK. 

• Doiinnnrirc I)ctwccn rtal nn«l white color Hekini*. 
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aa BB broad, Bb intcrmcdutc, bb narrow (tcc Tig Bl), and no 

■\\ ould have m tiie F s 

1 red, broad (square 1) 

2 pink, broad (squares 3 and 9) 

2 red, intermediate (squares 2 and 5) 

4 pmk, intermediate (squares 4, 7, 10, 13) 

1 red, narrow (square 6) 

2 pink, narrow (squares 8 and 14) 

1 white, broad (square 11) 

2 white, intermediate (squares 12, 15) 

1 white, narrow (square 1C) 

oral224l2121 ratio 

Breeding results with both plants and animals ha\c rc\ealc<I seiersl 
characters that behave m inheritance as though the> were controlled b> 
two pairs of genes but do not follow the usual pattern as cudcnccd m 
comb tjTje m pouUr> described earlier m this chapter where the mating 
of rose-combed birds {RR pp) with pea-combed birds (rr FP) gave an Ft 
of all iralnut combs {RrPp) and an Ft of 9 walnuts, 3 rose, 3 pea, and 
1 single comb In order to explain thc«c deviating results, the principle 
of epistasis has been invoked Again the student is reminded that the 
modui operandi of genetics is to get the results first b> breeding plants 
and animals, and, after the results arc secured, to devise a theorj 
which will provide a rational and logical interpretation for the breeding 
results 

Epistasis 13 the same relation between pairs of different genes that 
dominance is between different single genes of one pair of alleles, tc> 
gene A ma> be dominant o\er its allele a or in an cpistatic sense, gene A 
maj be dominant over genes B or 6 (dominant epistasis), or genes aa 
maj be dominant over genes B or 6 (recessive epistasis), or both the** 
conditions may hold at the same time, dominant and recessive epistasis 
We may further find cases where duplicate dominant, duplicate rece^iv c, 
or incompletely duplicate epistasis may prevail 

W e will pre'^ently describe six relatively simple forms of epistatic 
behavior The student should realize, however, that there is an almost 
limitless number of possible interactions betw eon tw o, three, or more pairs 
of the several thousand genes which are the hereditary capital of our farm 
animals Careful studies b> a host of experimenters have delineated the 
broad general principles of inheritance One of these general pnnciples 
IS called epistasis but the number of possible epistatic effects is legion 
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Some would even go so far as to call all nonadditive factor interaction 
cpistatic. 

Recessive Epistasis. — If we mate a black rat, AA BB (gene A for color, 
genes aa diluted color, gene B for expression of any color, genes hh mask- 
ing all color, i.c.f epistatic to A) to an albino rat, aa bh, all of tke Fi are 
black, Aa Bh, whereas the Fz will appear as 9 blacks, 3 creams, and 4 
whites. This is due to the fact that the presence of at least one A and 
one B produces black (squares 1, 2, 3, 4, 5, 7, 9, 10, and 13, Fig. 94), a’s 
and at least one B produce cream (squares 11, 12, and 15, Fig. 94), 
whereas either AA, Aa, or aa, together with 5’s (squares C, 8, 14, and IG, 
Fig. 94), produce albino. This is because the 5’s mask the expression 
of A or a; i.e., h is epistatic to A or a, so that two portions of the usual 
9:3:3:1 ratio are thrown together phenotypically. 

Incompletely Duplicate Epistasis. — Another manifestation of epistasig 
is one that throws the two middle portions of the 9:3:3:1 ratio together 
phenotypically. An example of this occurs in Duroc-Jerscy swine, where 
one sandy-colored race is AA hh and another aa BB. When crossed thcj 
Fi are all red, Aa Bb, and in the F 2 all the offspring, which get at least 
one A and one B (squares 1, 2, 3, 4, 5, 7, 9, 10, and 13, Fig. 94), are red, 
those getting neither A nor B (square 1C) arc white, and all the others, 
getting at least one A with b’s or at least one B with o’s, arc sandy 
(squares 11, 12, 15, G, 8, and 14, Pig. 94). These are sometimes called 
inulually sxippUmcnlary genes. A similar case in plants has boon found 
in the fniit shape of squash, where genes A and B together give disk 
shape, genes AA or Aa wth hh and genes aa with BB or Bh give eiiherical 
shape, and the double recessive genes give elongated shape. 

Dominant Epistasis. — It has been found that a certain type of white 
dogs, AA BB (with color in the eyes), if mated to brown dogs, cm hh, 
produce all white offspring, and that, when these F\ are mated, the pecu- 
liar ratio of 12:3:1 appears in Ft. Tins apparently is due to the white 
dog carrj’ing color factors (A) that are inhibited from forming color in 
the hair by another gene (B). The bro\m dogs lack the gene for black 
color A, being therefore broum in color, for they also lack the inhibitor li. 
The F 1 cross is Aa Bh and is white because of the dominant epistatic 
ofTcct of gone B over gone A or a, whereas in the Ft all tho-c squares tliiit 
got at least one B (1, 2, 3, 4, 5, 7, 9, 10, 1 1, 12, 13, and 1.5, Fig. 9 1), are 
while, thosj getting Vs and at lca.st one A (stpjarc.s 0, 8, and M, Fig. 9 1) 
iK'ing black, and the remaining (square IG), «a hh, Iwiiig brown. Cones 
Hint iK'Imve in tins fa'-hit>n are often cniletl inhihitors. 

OUicr Types of Epistasis. — Further ty|H*s of epij4ta.''is timt the sttulent 
cun Work o\it by means of Fig. 91 are: 
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Dmlicate Reccssue Lpitlasts aa cpistitic to JiB, Bh, or hh 
i»b cpistatic to AA, Aa, or aa 
Snoot peas nlute pea rU hh X nliitc pe i aa BB 
Fi Aa Bh, all purple 
Fi 9 purple 7 white 

Homo sapiens deaf person AA hh X deaf person aa BB 
Fi Aa Bb, all normal hearing 
Fi 9 normal lieanng 7 deaf 

Duplicate Dominant Bptstasis A cpistatic to BB, Bb, or bh 
B cpiatatic to AA, Aa or aa 
Poultry feathered slianks AA BB X clean shanks aa hb 
Fi Aa Bb, all feathered shanks 
Fz 15 feathered shanks 1 clean shanks 
Shepherd s-pursc (Bursa) tnangular seed pod A A BB X top-shaped 
pod aa bb 

Fi Aa Bb, all tnangular seed pods 
Ts 15 tnangular seed pod 1 top-shaped seed pod 
Dominant and Recessive hpislasts aa cpistatic to BB, Bb, or bb 
D cpistatic to AA Aa or aa 
Poultry White Leghorn A A BB X White \\ jandotto aa bb 
FiAaDb all white 
Fi 13 -white 3 colored birds 

Summary on Epistasis —We have seen from the obo\e examples that 
the usual tw<vgene phenotjpic ratio of 9 3 3 1 may bo modified m a 
■variety of ways by dominance between individual genes m an allelic pair 
and by various epistatic manifestations between pairs of genes 

The following diagram bnngsall the above facts into one complete -whole 
The complications introduced into breeding practice are illustrated m 
the follow mg figure In column I, we see that all the 9 genotypes found 
in an Fa of a cross involvwig two pairs of genes stand out clearly from each 
other {AA BB AA Bb, AA bb Aa BB Aa Bb, Aa, hb aa BB, aa Bb, and 

cabb) Because dominance IS lacking AA, Aa and aa combinations are 
different and the same is true of BB, Bb, and bb combinations In other 
words the phenotypes and the genotypes are the same, or the breeder 
knows the genotype when he sees the phenotype Dominance makes its 
appearance m one pair of genes (A) in column II -with the result that 
AA BB and Aa BB can no longer be separated by phenotypic inspection 
but must be subjected to breedmg trials to ascertain their genetic make up 
Similarly AA Bb and Aa Bb are now mdistmguishable phenotypically» 
etc The 9 genotypes of column I have been reduced to 6 phenotypes m 
column II and are further reduced to 4 in column III Likewise further 
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reduction of the 9 original phenotypes of column I to various combina'- 
tions of 3 and 2 genotypes in columns IV to IX arc indicated Domi- 
nance and epistasis complicate hreedmg practice, because they hide two 
or several genotypes in one phenotype 

It should be remembered also that we are here dealing -with a compara- 
tively simple thing, because it involves only tiv o pairs of genes If threo 
pairs of genes were acting on the same character and there iias no domi- 
nance, we would get a phenotypic ratio of 27 9 9 9 3 3 3 1 in the Ts 
It IS not difficult to imagine the complications that dominance and epis- 
tasis nould introduce into this situation, and it appears likely that the 

Geno 

t^pes I nitLKVvrsniiniiix 



Via 95 — Fhcnotjpic clivsscs m two-gcno Ft duo to clominanco and cxtistaii h 


commercially ^aluablc characters of our Higcr farm animals i\cre influ- 
enced bj dozens or hundreds of genes 

Tuo things arc apparent (1) the scientific luestock brooders need a 
thorough kno\N ledge of the basic pnnciplcs of hcrcditarj transmission ns 
^\orked out ^Mth small laboratory animals, and (2) the breeder of the 
lirger animals finds little opporttiniU to npplj this detailed knott ledge 
to his own immediate problems but is forced to det isc his own methods of 
selection and lmpro^cmcnt on the basis of the broad principles that lm\c 
been n'^certaincd through the breeding of laboraloia animals 

Anal} SIS of Coat Color m Mice * 

A thorough stmlj of the ^a^a(lons m a gr^up of rolalc<! clnmcters in aaj 
organism w ill u«ti iU> re\ i al an mtm it« hcnes nf latt r u t loas Ih'Iw es a the coin- 
*s,issorr liMtM) ^\ , I>i \n, I C, timl I)oiiiirAV’«k\, Tii, “IVirinpI of 
( jHtirt 4lhp<l,pp 111-115, McGn« Hill Itooh Coiapan> Itir Nrwlnrk 
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ponent genes As an example we shall choo«e the house mouse, for m tins 
animal a large numlxir of spontaneous variations liave prodded the opportunity 
for a genetic analj'is of the genes affecting coat color Many such genes 
have been studied and their interrelationships made out C is the fundamental 
color gene, necessary, for the production of anj pigment m the coat Another 
gene, A or graj, determines the development of the agouti pattern Its xeccs- 
8l^ e allele, a is present in the nonagouti mice, such as blacks or browns Still 
another, B, goxems the dc^eIopmcnt of black pigment and is dominant o\er its 
allehc condition of brown or chocolate, h Many \ anetics arc spotted with white 
in a blotched or piebald pattern, and such mice contain a gene, s, which is 
Tccessne to self or solid color, S Another gene, tf, brings about a clumping 
of the black and browTi pigment granules m the hairs and makes these colors 
appear faded or dilute, as opposed to the normal fully pigmented form, D 
Another gene reduces the amount of black and brown pigment m the fur, giving 
it a pale and washed out appearance and also reduces the pigment m the ins, 
making the ejes appear reddish or pink like the e>es of albinos The gene, 
which 18 called pink eye (p) from its most noticeable effect, is recessive to the 
normal dark-eyed intense-colored condition, P These genes all segregate 
sharply and may occur m any combmation There are also sea oral other genes 
affecting coat color which will bo omitted for the sake of simplicity Some of 
these combinations result in characters which arc distinctive and have been 
given names of their own Thus the nonblack agoutis are called “cinnamon 
or brown agouti, the dilute blacks, * blue”, the dilute browns, “silver fawn’ t 
and so on Table 20 lists these various gene combinations, together with the 
type of coat color produced by each 

All of these tj’pea are recessive to the wild coat and appear to have nnsen 
from it by mutation of one or more genes Thus at any time the w ild t>T>e may 
be reconstituted by bnaguig into combination all of the alleles of the genes 
which are responsible for these new types In fact, the wald coat color itseU is 
found to depend on the presence and interaction of all of the genes named 
Thus m order to produce the agouti pattern, there must be present the genes for 
color (C) agouti (A) black (B) dark eye (P) dense color (D), and solid color (S) 
With regard only to these genes the genotype of the w ild mouse may be written 
AA BB CC DD PP SS These genes all show essentially complete dominance, 
so that their heterozygous condition will give the same result as is produced by 
the homozygous form here given Thus an ammal with the genotype Aa Bb Cc 
Dd Pp Ss would also be agouti m appearance The genes named do not include 
all that are known nor is it behevable that more than a small sample of the 
genes affecting coat color m mice have been studied Were knowledge com- 
plete it IS probable that the list of genes necessary for the production of the 
agouti pattern would be much longer and that the letters of the alphabet would 
^ exhausted in attempting to write the genotype of the wild mouse Here, 
then 13 a clear and convmcmg examine of gene interaction In order that the 
aparently simple pattern characteristic of wild house mice may be developed, 
there must be present at least six genes (probably many more) each of w Inch has 
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Tabi>e 20. — Interaction of Genes for Coat Color in Mice 



■ttitli nny oilier 
penf-? 


Y bo of any of 32 Rcnot % jh-? nljovc 
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a definite effect on coat color If an^ single gene i5 mj'j'iing or clnnged, a coat 
pattern differing more or wndelj from the wM pc results 

This type of gene interaction is not exceptional but is found \s lienea'cr numerous 
variations in a single aspect of the organism arc carcfuUj analyzed Such 
analyses have been made for Be\ cral groups of characters m maize More than a 
dozen senes of genes affecting chlorophyll deaelopment m this plant are known 
The normal color is green, which results from tlie combmed action of all of the 
normal genes If one of these genes such as IT mutates to a recessive allele w, Uie 
secdlmg is albinotic, virtually wathout any chlorophyll, and bemg unable to carry 
on photosynthesis it soon dies There are at least 15 different genes susceptible 
to this typo of change, which means that there are at least 15 genetically different 
types of albinos In another group of rccc6si\ e mutants known as lutcscents only 
yelloM pigment develops, in another group arc more than 20 rcce‘»sive genes each 
of ■fthich Vihen homozygous produces virc«cent seedlings which are albinotic but 
eventually develop enough chlorophyll to keep them alive Other recessive 
genes are responsible for pale green color (10 known), zebra-stnpmg (4 known), 
piebald spotting (4 known), golden color (4 knowm), jellon -green color (3 known), 
yellow stnping (2 known), fine white stnpmg (3 known), and many other modifi- 
cations of chlorophyll composition and arrangement It must bo true therefore 
that the normal development of chlorophyll in maue depends on interaction 
among at least 75 different genes If any one of these changes by mutation from 
the normal to the recessive allele some essential step m the interaction fails and 
the chlorophyll is absent or deficient in some way Similarly each of another 
large group of genes conditions some step m the development of anthocyanin 
pigments, while the normal starchy endosperm of the kernel of field corn 
(dent or flmt) depends on the interaction of more than 3D different genes The 
results of the analysis of such cases as those described above suggest that many 
of the characters of organisms are the end products of long chainlike senes of 
related steps o— »c— *d— ♦n Separate genes seem to affect separate steps 
so that if the gene affecting step b does not perform its task, then c and all later 
steps which depend upon it cannot take place and the character, such as normal 
chlorophyll, cannot appear Other evidencd for this view of the mechanism of 
gene interaction will be presented m a later chapter Whatever the means by 
which the genes mteract, it may be accepted as a general rule that the hereditary 
characters of a plant or animal depend upon the balanced cooperation of a large 
number of genes 


Ibsen has made an extended study of the inheritance of coat colors m 
cattle ^ It was found necessary to postulate about 25 genes to account 
for the now known color patterns in our domestic cattle This example 
serves to show the extreme complexity of the problem of inheritance m 
our larger animals It is undoubtedly even more complex m regard to 
their commercially valuable quahUes IVho would dare even to guess 

» Ibsen A H I Cattle Inhentance (Color) Genetica 18 441-480 September, 1933 
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how many genes may be involved in the final expression of the amount of 
milk a cow may yield to say nothing of the environmental influences 
involved in such a matter? We can be fairly sure of the fact that many, 
many genes are involved in determining the characteristics of our live- 
stock^ and we can be very sure that they behave in ways comparable to 
those used as illustrations of different types of inheritance in this and tho 
following few chapters of this book. It may be that we \\ill never know 
the exact number and interrelations of the genes involved in milk pro^ 
duction. Nevertheless, it should be possible to improve our breeding 
practices on the basis of the general principles involved in the hereditary 
transmission of characteristics. 

Aspects of Dominance. — In the early part of the twentieth ccnturj’, 
soon after the rediscovery of Mendel’s laws of inheritance, there was a 
tendency toward oversimplification of the theory. That is to say, there 
was a tendency to think of each potentiality as determined by one gene 
only. We are now aware of the fact that, rather than one gene’s deter- 
mining a potentiality, many or all the genes (together with the environ- 
ment) interact to bring the potentiality to full fruition, though, of course, 
one gene may still determine the appearance or nonappcaranco of a 
definite potentiality. 

In like manner the idea of dominance held full sway in the early days 
of genetics. We now recognize that dominance is a relative rather than 
an absolute term, - For example, brown eyes in man are dominant over 
blue, but the bluo-cycd condition is in turn dominant over red or pink 
eyes (albinism), ^^^lethcr blue eyes arc dominant or recessive depends 
WieteioTe on wWt the chaTacterisVie is t o which they are heing contrasted . 
There arc Vflr3'ing degrees of dominance, from complete dominance to an 
entire lack of dominance. The possibility also exists that the phenom- 
enon of “ovcrdominancc” in wliich the hcterozj’gotc is superior to either 
homozj'gotc maj' occur. 

The results from cros.sing tall and dwarf peas; smootli, black and rough, 
white guinea pigs; or polled, black-bodictl black-faced and horned, rod- 
bcKlioil white-faced cattle wore clcar-cut l>ccause in cverj’ instance one 
charnclcr was whollj' dominant over its allele. If, however, a cross is 
made l>ctwc‘en a re<I Shorthorn and a white one, the re**!!!! is a roan 
(mixture of rc*d and white hairs) color pattern. I.ikcwive a cross l>ctwccn 
a black fowl an<l a white one gives the tj’pical Blue AndaliHlan pattern, 
and a cro-'S between rr<I- niul wliito-flowcn'd four-o'clockh gives a jiink 
hybrul. In the**o c-ik^s, dominance is lacking, ami Iiylirids of this hort 
never boHsl true to their own phcnolypie npix'anmce lH*eauM* their 
phenotypic character is due to the interaction of two genes, when*aH tliey 
can Imnsjnit only one gene or the other to nny one ofT^]»ring. 
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The hybnd character - <M“™\ '™"' 'f" ““rnCt'-o ’fmal 

crossed v.th .Into Shorthorrr > .elds ™a„ and ap^t 

cxprcss.on of th.s charactenst.c '“"8“ "" "f d. mdu .dually 

-xr 

re;tuX7" .uu^ xrh't " 

Ldcntlj located or. different chrom^onnes, are ,,„t ^et 

ratelv or according to the law of independent assortment, 
together m producing the final expression f ""f alnut 

■\ve cross pea combed and rosc-combcd birds, the Ft 

combed aL the f,. Ill give the usual 9 3 3 1 by bnd ratio, (u alnut, ros , 

’’'DominiL may at times be quite variable, '‘P“" 

enee or absence of certain supplementary genes, and, finally a 
istio may act as a dominant in one sex (baldness in man) and as a rcccs 
m the other It is seen, therclore, that the idea of dominance is n 
simple thing it ^vas at one time supposed to be — «rlv 

Occurrences such as the roan pattern in Shortliom cattle ^\os w^mcriy 
often spoken of as blending tnhcnlancc, though the term ^\cnt . 

as the discrete, atomic nature of the genes became probable The la 
that, when large races of animals are crossed with small ones, olTspn B 
result which are intermediate m size induces some still to speak of thes 
offspring as being a blend of the two parent races In terms of 
somes and genes, of course, they are, but it is now fairly apparent a 
most of the commercially valuable characters of our animals are de er 
mined by the interaction of scores or hundreds of genes rather than y 
one or two pairs In this sense, such crossing does result from a blending 
of many genes although the genes themselves remain discrete bodies 
It IS fortunate that inheritance is not blending in nature, for if eac 
individual w ere an average of its two parents the entire population w ou 
be almost completely uniform m a few generations Dominance gen 
erally behaves m the same manner m closely related species, and m mos 
mammals the albino (recessive) gene is the same However, a charac 
tenstic that is dommant m one species may be recessive in another, e g > 
black IS dommant over white in guinea pigs but m farm pigs i'® have 
learned by experience that white is dominant over black The exprss" 
Sion of dominance may also be influenced by the environment, age se'c 
and by other genes m the organism In short, dominance is variable 
with many gradations 
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The nature of the reecssnc cond.t.on haa also 

question Some authorities cUimcd that the rcccssn c g Morgan 

::tCothersthattherecessnes.„d.catodl^.s^ 

has adduced evidence from several sour»s i d 
are not due to losses of genes c g , the fact that alb ^ 5 

a few colored hairs on the feet that ''-B 
Siderable length if the temperature .3 held at 31 C “ve" t g 
be genetically pure recessive vestigials, and that small ey es pp 
cultures of Drosophila that are pure eyeless recess.ies He 
art that certain recessive mutations have been knoiin to -vert ^ 
original dominant condition and finally that there are more Aan a dozen 
kno^Mi mutants of eye color m Drosophila at the same 

evidence, It vv ould seem that recessiv es are caused by the action ^ 

entities (genes) just as arc dominant characteristics and that the id 
considering recessivcs as losses of genes is an untenable one 
The student should try to appreciate fully that the facts o 
came first theories to captain them second Genetics is but a , 

arrangement of breeding facts together with theories that offer a logi 
eiplanation Any theory must do two things (1) explain past fact 
(2) allow us to prognosticate All the theories of genetics to be discussc 
later are backed by a multitude of tact As soon as a now tact is discov 
ered which cannot be fitted into the presently accepted theory, that theo^ 
Will have to be supplanted by one which will accommodate all the o 
plus the new facts This revision of theory has been necessary manj 
times in the past short life of genetics 

Summary — In this chapter we have become acquainted with some 
the simpler but basic pnnciples of heredity We have learned 
heredity is referable to paired particulate bodies called genes located in 
the chromosomes We have seen that these genes retain their identity 
at all times -whether expressed phebotypically or not We are now 
familiar with two of the basic laws of heredity mz segregation an 
independent assortment of the chromosomes The latter exist in pairs 
and one complete set (haploid n) is given to each offspnng by each of its 
parents through an egg or a sperm which makes each offspnng diploi 
or 2n This offspnng in turn passes on a random sample of its chromo- 
somes one of each pair however to each of its offspnng We traced this 
procedure where one two or three pairs of genes in separate chromosomes 
were involved We learned the F* monohybnd ratio to be 3 1 phenotypi 
cally (or 1 2 1 genotypically) and the Fs dihybnd ratio to be 9 3 3 1 
phenotypically Finally we studied various modifications of the two- 
gene ratio due to lack of dominance between alleles or between pairs of 
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genes, the latter condition being known as epistasis, and attempted to 
clarify our minds regarding several aspects of dominance and recessiveness 
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Problems' 


The follorving problems are dcsiRned to promote facility in correct Rcnctic thinkinR 
Not until you can work these and similar problems qtiieki) and correctly 3°*' 
have a comprehcnai\o gf^sp of the genetic principles tlmt they illustrate 

1 It a homozjRoua rough-coatwl animal is crossed wath a smooth one, nhat 

be the appearance ot the Pi? Of the F»t Of the offspring of a cross of the Fi back 
on its rough parent? On its smooth pirenl? , 

2 A certain rough«5alcd guinea pig bred to a smooth one gv'cs 8 rough and 
7 smooth offspring Wliat arc the genotypes of parents and offspring? 

3 If one of the rough Fi animals in the preceding question is mated to its rough 
parent what offspring may be expected? 

4 Two rough-coated guinea pigs when bred together produce 18 rough and 1 
smooth offspring ^Vhat are the genotypes of the parents? 

8 Cross a homozygous rough, black animal with a smooth, white one WTut* 
will be the appearance ot the Fi? Of the Fi? Of the offspnng of a cross of the f i 
black with the rough, black parent? With the smooth, white one? 

6 In the Ft generation m the preceding quwtion, what proportion of the rough, 
black individuals may be expected to be homozygous for both characters? 

7 Note —PoUed or hornless condition in cattle (P) is dominant over homed (p) 
A certain polled bull is bred to three cows With cow A, which is homed, a horned 

calf 18 produced, with cow B, also horned, a polled calf is produced, and with cow C, 
which IS polled, a horned calf is produced WTiat are the genotypes of all these four 
annuals and what offspnng would you expect from these three mating? 

8 Note — In Shorthorn cattle the heterozygous condition of red coat color (F) 
and white (r) is roan 

It two roan Shorthorn cattle arc mated, what chance will their offspring have of 
resembling their parents in coat color? 

9 Two black female mice are crossed with a brown male In several litters 
female No 1 produced 9 blacks and 7 browns, female No 2 produced 17 blacks 
mat deductions can you make concernmg inheritance of black and brown coat 
color in mice’ ^Vhat are the genotypes of the parents in this case? 

10 A breeder has a group of animals all of which are heterozygous for a given 
dommant character, A, and thus have the genotype Ao lie wants to establish a 

' ■piose problems and those at the ends of the next two chapters are taken for the 
most part horn lists in Sinnott and Dunn, Principles of Genetics,” 3d cd , McGraw 
Hill Book Company Ine , New York, 1939, and are reproduced here through the kind 
permission of the authors 
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race homozygous for A To accomplish this he allows those animals to interbreed 
freelj and then practices mass selection among their ofTspnng, saving for breeding 
all indmduals that shoi\ the character A and discarding onl> the aa animals Mem- 
bers of one generation do not cross with any other In the third generation, what 
proportion of the animals which haae the character A will be homozygous for it? 
How could the breeder have established a homozygous stram more easily? 

11. If the breeder mentioned m the previous question is practicing mass selection 
for tw 0 characters, A and B, and hia ongmal animals have the genotpye Aa Bh, would 
selection be effective more rapidly or more slowly than when only one character w as 
concerned? Explam 

12 It has long been known that Blue Andalusian fowls do not breed true to the 
blue color of their plumage How do you explam this? 

13 What offspring wall a Blue Andalusian fowl have if bred to birds of the following 
plumage colors (1) black, (2) blue, (3) white? 

14 Note — In man, browoi eyes (B) are dommant over blue (&) A brown-eyed 
man marries a blue-ey ed woman and they have 8 children, all brown-eyed What 
are the genotypes of all the individuals m the family? 

15, A blue-eyed man both of whose parents were brown-eyed marries a brown- 
eyed woman whose father w as brown-ey ed and whose mother was blue-ey ed They 
have one child, who is blue-eyed '\\'hat are the genotypes of all the individuals 
mentioned? 

16 Assume that m man, right-handedness (B) is dommant over left-handcdness 
(r) A right-handed man whose mother was left-handed marries a right-handed 
woman who has three brothers and sisters, two of whom are left handed TlTiat 
chance will the children of this marriage have of bemg left handed? 

17 "UTiat are the chances that the first child from a marriage of two heterozygous 
brown-eyed parents w ill bo blue-eyed? If the first child is brown-ey ed, what are the 
chances that the second child will be blue-eyed? 

18 At the time of synapsis preceding the reduction division, the homologous 
chromosomes align themselves in pairs and one member of each pair passes to each of 
the daughter nuclei Assume that m an animal with four pairs of chromosomes, 
chromosomes A, B, C, and D have come from the father and A', B', C, and Z>' have 
como from the mother In what proportion of the germ cells of this animal will all 
of the maternal chromosomes be present together? All of the paternal? 

19 If one mdividual is homozygous for four dommant factors and another for 
their four recessive allelomorphs, and if these two indmduals arc crossed, what 
proportion of the F- from this cross will resemble each parent, respecti\ ely, m 
appearance? 

20 A rough, black guinea pig bred with a rough, white one gives 28 rough, black, 
31 rough, white, 11 smooth, black, and 9 smooth, white \Miat are the genotypes of 
the parents? 

21 Two rough, black guinea pigs when bred together haae 2 offspring, one of 
them rough white and the other smooth, black If these same parents were to bo 
bred logetlicr further, what offspring would you expect from them? 

22 If a homozygous polled, while animal is bred to a horned, red one, what will be 
the appearance of the 1 1 ? Of the Fs? Of the offspring of a cross of the Fj back w ith 
the polled, white parent? 

23 A polled, roan bull bred to a homed, white cow produces a horned, roan 
daughter If this daughter is bred back to her father, w hat offspring may be expect* d 
ns to horns and coat color? 
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24 In sAMnc, ^hite coat JS dominant o\cr black and the "mule-footed ’' condition 
over that nith normal feet I nbitc, muJe footed hoar, A, always produce nhitc, 
mule footed offspring, no matter to what sow he w bred Another hoar, B, 
al»o white and imile-footed, when bred to black fcows produces alwit ^ 

H black offspring, and when bred to normal footed sows, afiout % mule-footed and 
^ normal offspring Lxplain this difference between thc«e two animals b> com- 
paring their genotjpes for these two traits 

25 In poultry, feathered legs (F) arc dominant oa cr clean legs (/), and pea como 
{P) over single comb (p) , 

Two cocks, A and B, are bred to two hens, C and D All four birds arc feathered 
legged and pca-combed Cock A with both hens produces offspring that are all 
feathered and pea Cock B with hen C produces both feathered and clean, but all 
pea-combed, but with hen D produces all feathered hut part pca-combed and part 
single MTiat arc the genotj pcs of these four birds? 

26 In poultrj , the factors for rose comb (R) and pea comb (P), if present together, 
produce walnut comb The recesan e allelomorphs of both, w hen present together in a 
homozygous condition, produce single comb 

WTial will be the comb character of the offspring of the following crosses, m whic 
the genotypes of the parents arc given? 


Rr Pp X Rr Pp Rr Pp X Rr pp 
RRPpXrrPp RrppXrrPp 
rr PP X fZr Pp Rr pp X Rr pp 

27 In the following fiie questions, all of which concern comb form in poultr}» 
determine the genotypes of the parents 

A rose crossed with a walnut produces offspring of which are walnut, H rose, 
H pea, and H single 

2S K walnut crossed with a single produces offspring ^ of which are walnut, 
rose, H pca, and yi single 

29 A rose crossed with a pea produces 6 walnut and 5 rose offspring 

30 A walnut crossed with a single produces I single-combed offspring 

31 A walnut crossed with a walnut produces 1 rose, 2 walnut, and 1 single offspring 

32 If one of the walnut parents m the preceding question were crossed with one 
of its Single-combed oSsprmg, what would their offspring be like? 

33 A rose crossed wnth a walnut produces offspring % of which are walnut, *8 
rose, Vi pea, and single UTiat are the genotypes of the parents? 

34. A feather^hanked rose-combed crossed with a clean-shanked pea-combed one 
produces 25 feather, pea, offspring 24 feather, walnut, 26 feather, rose, and 22 feather, 
single What are the genotypes of the parents? 

35 The offspring of a feather legged pea-combed cock bred to a clean legged pc* 
combed ben are all feather-legged Most of them are pea-combed, but some single* 
appear among them What are the genotypes of the parents? ^Tiat would be the 
offspring expected from a cross of this hen with one of her feather-legged single- 
combed sons? 

36 A nght-handed blue-eyed man whose father was left-handed mames a left- 
handed brown-eyed woman from a family m which all the members have been brown 
e>ed for several generations \Yhat offspring may be expected from this marriage, 
as to the two traits mentioned*^ 

37 A brown-eyed nght-handed man mames a blue-eyed nght handed woman 
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Their first child is blue-ejcd find loft-lmndcd If other children ore born to this 
couple, IV hat will probabK he their apiioarance ns to these two traits? 

38 V right-handed blue-c\ed nnn mnrncs a right-handed brown-eyed woman 
The> ha\ e tw o children, one lofUhandi d and brow n-cyed and the other right-handed 
and bluc-cjcd Bj a later marriage with another woman who is also right-handed 
and brown-ejed, this man has 9 children all of whom are right-handed and browm- 
ejed "Wliat are the gcnotvpcs of this man and his two wives? 

39 A brown-eyed normal iiundcd man marries a brown-eyed normal-minded 
woman Their first child is hluc-cjcd and feeble-minded TMiat is the chance that 
the next child will also show these same characteristics? (Normal mind, dominant ) 

40 A breeder has a homozjgous race of feather-legged, black, rose-combed birds 
and another of dean-legged, white, pea-combed ones He w ants a rac^ of black birds 
that have clean legs and walnut combs Wliat proportion of the Ft raised from a 
cross between those two races will bo what he desires in appearance? 

41 Wiat arc the phenotypes of the parents and offspring of the following cross 
// Pr Pp X Ff Rr pp 

42 In rabbits there arc several factors that determine coat color 


C Colored e no color, albino 

A ticked, agouti a solid color, nonagouti 

J? black thrown 

5 solid color s spotted 

(AB, agouti, Ah, cinnamon, aB, black, ob, brown) 


An albino rabbit mated with a black produces agouti and black, spotted joung 
^Vllat factors arc present m tho albino parent and not m the black? 

43 An agouti animal crossed with another agouti produces offspring of which, 
He arc agouti, He black. He emnamon, and He brown What are the genotypes of 
the parents? 

44 What arc the offsprmg of the following crosses? WTiat are tho appearances of 
the parents? 

Ca) Cc Aa 66 X cc oa Bb 
(6) ccAaB6 X CCaaBh 


46 Two agouti rabbits produce 3 agouti and 1 black offspring "WTint are their 
genotypes? (Use onij the A, a and B b factors ) 

46 In what two wajs could you develop a pure breodmg strain of polled, black- 
bodied white faced cattle? 

47 Noth — In cattle the polled condition (P) is dominant over the horned (p), 
and m Shorthorns the heterozygous condition of red coat (/?) and white coat (r) is 
roan 

If a homozygous polled, white animal js bred to a horned, rod one, what will bo 
the appearance of tho Ti? Of the Fa? Of tho offspring of a cross of the / 1 with the 
polled, white parent? '\^ ith the horned, red parent? 

48 If a group of 100 polled, roan Shorthorn cows by horned bulls v\cre mated to a 
roan bull that w as helerozj gous for the polled condition, w lint sort of offspring w oiild 
5 ou expect and m what numbers? 

49 If a red-flowered broad leaved plant is crossed with a white flowered n irrow- 
loaved one, what w ill be the appearance of the f j and the F-? 

60 If m mice jou secured a 9 agouti 3 black 4 albino ratio in an / j what were 
tho gcnotjiws of the parents and the using the letter C to nprinent the gtne 
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the black hairs ivith jtllow to give the agouU pattern nai. yy 

^^61 In cuUnated stocks (a flower) gene C m the absence of ^r^or rr 

„cant-,ol„re<l flo.ers gene C .>th g^e R^ once and ftnt 

.h,te So. ere If 5 on creased a red 

Mas all red. i\ hat proportion of red creams and white flowers wouiay b 
62 If you cross two sphencal-shapcd squash and ^cure a is s ap i 
crocs one of these F.s to an elongated fr.nt plant, what tvdl be the tmit shape 

•’’rrnT/— r sgnashes the factor for whrte fm.t cole. IK, rs jMa‘.e « 
that for yellon, Y, 11 i and IV » plants are white, v,Y plants yellow, and »S P 

IVhat 13 the color ol the fmit in the offspring of the following crosses the 
genotypes of the parents being given? 


iru> I y X yy 


airXirtpyy WwyyyCwwYy 


Note— In the following three questions which deal with fruit color in squashes 

find the genotypes of the parents ^ wkich ki are 

64 A white plant crossed with a yellow one produces offspring of which n 
white, H yellow, and H green ^ 

66 A white plant crossed with a green one produces offspring ol wnicn ra 
white and H yellow . - vjch 

66 A white plant crossed wnth another white one produces offspring oi 
are white, *16 yellow, and H« green which 

87 INTiat will be the flower color of the offspring of the following crosses, m 
the genotypes of the parents are given? 


Ce Pp X cc Pp ce Pp X CC pp 

Ce Pp X Cc PP Ce pp X cc Pp 

68 A -white-flowered plant crossed with a purple produces offspring of which 

*8 arc purple and ^ white , 

69 A purple-flowered plant crossed with a white one produces offspring of w 

yi are purple and H white , 

60 A white flowered plant crossed with another white produces offspring of w 
are white and H purple 

61 In wheat, determine the genotypes of the parents m the following crosses 

(a) Tied X white giving *4 red and white 

(b) Itcd X red giving ’’I red and }-i white 

62 How wrould >ou proceed in developing a feathered-ehanked stram of pou / 
from cican-ehanked birds? 

63 If an Fi jields a 15 1 ratio what could you conclude as to the type of inher 
ilance involved? 

64 Mnte the genetic color fonnulas for two breeds of poultr> both of which arc 
white and the 1 1 resulting from their rrossing gives a 13 white 3 colored ratio 

66 Starting with two white breeds of pouUty, how would jou proceed to develop 
a truc-brecding colored strain? 



CHAPTER XIII 

THE PRINCIPLES OF HEREDITY {Continued) 

In tlie preceding chapter we have dealt with some of the more^ simple 
and clean-cut types of inheritance. During the past 30 years the inherit- 
ance of a great many traits in plants and animals has been studied and t e 
methods of transmission from parent to offspring ascertained. The fol- 
lomng might be called different types of inheritance, although basically 
there is but one type of inheritance, viz., by means of genes. This method 
of inheritance is typical of all sexually reproducing forms, so that what 
may appear as different types of inheritance are actually different sorts of 
expressions of gene reactions. The procedure has been to cross plants or 
animals possessing different characteristics, tabulate the results by sepa- 
rate generations, and, finally, to construct a theory that would fit the 
observed facts. It should be noted that the facts come first and tho 
theory to explain the facts comes later. This is the scientific approach. 
In animal breeding, we sometimes find people making the directly oppo- 
site approach, i.e., starting out with a theory and trying to find facts that 
fit their theory. They generally do find some such facts, but unless one 
takes all the loiown facts into account, his contribution is apt to be nil. 
If one “selects” his facts carefully enough he can “prove” almost any- 
thing. Several typical forms of inheritance will be presented in the fol- 
lowing sections. 

Multiple Alleles.— Thus far -we have spoken of only two alternatives 
as far as one pair of genes is concerned. We have talked about gene A 
or its allele, gene a. We have said, too, that the genes are probably com- 
plex, organic molecules made up of hundreds of thousands of atoms 
arranged spatially in some definite pattern. We assume too that the con- 
tent and spat al arrangement of the atoms in gene A arc different from 
those in gene a. It would seem logical, therefore, to expect that there 
might bo more than two alternative arrangements. Breeding experience 
seems to indicate that there arc. 

If a colored mhbit, CC, is bred to an albino, c"c“, all tho Fx arc colored, 
and in tho F- there arc 3 colored:! albino. Likewise another ero^-s, 
l>et\\oen colored, CC, and Tlimalnynn, (wliitc with black no'^, oars, 
tail, and feet), gives an Fx all of which arc colored and the familiar 3 
colored:! Himalayan in the Ft. Now, if the cro-s is made between 
339 
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Flo 97 — Three olUles of a gene for coftt color in rabbits Top colored center Himalaja 
albinism Inltom complete albinism {From Cattle xn Journal of Heredilu ) 

llimalaj an, c^c*, and albino, c*c*, all the F i are Himalayan and m the F- 
there are 3 Himalajan 1 albino wluth indicates but one pair of genes 
iKing imolted Trom the al)o\e breeding results, Athich shon genes 
nn<l c* to lie allelic, genes C and c* to lie allelic, and genes c* and c* to be 
allelic, \\c conclude th it all three genes C , c* and c* form one multip'® 
allelic 'Sines Still another gene, has been found in this senes causing 
the chinchilla color or siU crj graj \\ itli no j ello%\ color in the fur, and this 
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has been found, as far as dominance is concerned, to fit in between genes 
C and c'‘. Thus we could have the following gcnotj'pes. 


colored rahhitt 
chinchilla rabbit 
Himalayan rabbit 
albino rabbit 


GC, Cc^\ C’c^, Cc 

c*c*, c^c 
cc 


Many other multiple allelic series are known in both plants and animals, 
and in most of them dominance between the members below the wild-type 
dominant is lacking. In mice a multiple allelic series of four genes is 
known, gene C producing full color; gene c®* dilute color or chinchilla; 
gene c* extreme dilution; and gene c albinism, or lack of color. Here gene 
C is dominant over the other members of the series, but crosses between 
the other members give results intermediate between the two used, e.g., 
crossing homozygous chinchilla with albino gives the intermediate, 
extreme dilution. Allelic series are known in many plants, and in Dro- 
sophila there are 14 alleles of the gene for red eye grading all the way down 
to white eyes. Series of multiple alleles are also known in guinea pigs, 
rats, mice, rabbits, and snapdragons. 

In man, blood types show a multiple allelic series of three genes. Blood 
itself is not inherited, but type of blood is. The red-blood cells in man 
contain an antigen A or 23 or both. The blood senim contains antibodies 
0 or b or both. A person of blood group A has antigen A in his red-blood 
colls and antibody b in his scrum; of blood group B has antigen B in his 
red cells and antibody a in his serum; of blood group AB has antigens A 
and B in his red cells and neither antibody in his serum; and, finally, a 
person of blood group 0 has neither antigen A nor B in his red cells but 
both antibodies a and b in his blood serum. If, therefore, red cells from 
a person with the A antigen were introduced by blood tnansfusion into a 
person of type B with antibody a in his scrum, the reaction between the 
scrum antibody a and the red-cell antigen A would cause these cells to 
clump or agglutinate with possibly fatal results. In making blood trans- 
fusions, blood types must be ascertained in order to prevent rcd-ccll 
agglutination. 

Taiu.k 21. — ^Biood Ttpus ik Man 


Tj'pe 

Genetic make- 
up 


Antibody in 
serum 

Can give 
blood to 

Can take 
blood from 

A 

AA or Aa 

A 

b 

A OT AB 

A or 0 

B 

or A^a 

B 

a 

B or AD 

B OT 0 

AD 

AA^ 

AB 

0 

AB 

All 

0 

aa 

o 

ah 

All 

0 
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Ff 97 — Three Alleles of a gene for coat color arabbta Top colored center Hniala>a^ 
alb mstn bottom complete alb tusoi (From Coaffe in /ournof o/ //ernfdp ) 

Himalayan c^c* and albino c“c", all the Fi are Himalayan and in the Ft 
tl cre are 3 Himalayan 1 albino which indicates but one pair of gcnf^ 
l>omR in\ ol\ ed From the al>o\e 1 rcctling results which show genes O 
an I c* to be *1110110 genes ( and to l»c allelic and genes c* and c* to b® 
allelic we conclude that all three genes C c* and c“ form one multip o 
allcltc «cnc 8 Still another gene e * has been found in this senes causing 
the chinchilla color or «il\erj graj with no vellow color in the fur, and this 


TWE PRINCIPLES OF HEREDITY 


341 


iias been found, as far as dominance is concerned, to fit in between genes 
C and d'. Thus we could have the following genotypes. . 


colored rahbitt 
chinchilla rabbit 
Himalayan rabbit 
albino rabbit 


CC, Cc'>', Cd, Cc 
(f^c 
dd, dc 


!Many other midtiple allelic series are known in both plants and 
and in most of them dominance between the members below the n i ype 
dominant is lacking. In mice a multiple allelic series of four 
known, gene C producing full color; gene dilute color or 
gene d extreme dilution ; and gene c albinism, or lack of color. Here gene 
C is dominant over the other members of the scries, but crosses e ween 
the other members give results intermediate between the tuo nsec r 
crossing homozygous chinchilla with albino gives the interme m o, 
extreme dilution. Allelic scries arc known in many plants, an m r^ 
sophila there arc 14 alleles of the gene for red eye grading all the way down 
to white eyes. Scries of multiple alleles are also known in guinea pigs, 
rats, mice, rabbits, and snapdragons. 

In man, blood types show a multiple allelic series of genes. ^ 
itself is not inherited, but type of blood is. The red- )loo ^ cc s m 
contain an antigen A or B or both. Tl.o blood scrum contains ^dtibcxlics 
n or b or both. A person of blood group A has antigen in ns rc( ) 
cells and antibody b in his scnim; of blood group B **^*^*^ . . 

red cells and antibrnly a in his scrum; of blood group AB has antigens A 
nnd B in his red cells ami neither antibody in his ‘Tlnf 

person of blood group 0 has neither antigen A nor li m his rwl cells 
both antibffllics a and h in his blood sennn. If, therefore, red cells from 
a person with the A antigen were introduced by blood tninsfusinn into a 
Iktsou of type B with antibody « in bis senim, the reaction between the 
^ermn imtiinKly n and the md-cell unligen A would cause these tells to 
clump or agglutinate with possibly fatal rtvsults. In making blomi tmns- 
fuMon., blo(Kl type.s mu.st be ascertainerl in onler to prevent nA-rell 
iiKcliitiimtion. 


Tj'p. 

Grtirlir I 

up 1 

AaliK»’n in 
rvlU 1 

Anin>o«ly in 
wnim 

Cnn Rjve 
IiUxkI to 

Can taV** 
l/lofxl fmm 

A 

li 

Alt 

o 

rft.t «»r .in 

.1.1* 

M 

A ' 

It 

All 

b 

a 

o 

A or Alt 
Hot mi 
AH 

All 

A or O 

It or O 

All 

O 












342 BREEDI^a AND IVPROVEMEhT OF FAR^t AMMALS 
Knouledgo of the genche make up of >"<'■'><1™'^ 

(Table 21) IS sometimes ueeful in e'jtabUshing possi e, g l p no 4A 

patonay If, for instance, a mother ,s of type 4 (genetic make upJA 
or Aa) aid her child is of tj pe 0 (genetic make up ™ ® „ 

Aa) and the assumed father turns out to be t> pe AB (s 
AA‘), this fact removes the possibility of his having actu y 
child’s father, because the child received tn o a s and no man W 
has an e to transmit to his offspnng If the tests «''eaM ‘he 
assumed father uas of type A, B, or O, then the most that =a^ 

that he might have been the father as, of course, might also many 

Although many of the genes im olved are not knoivn to 
allelic senes, the uork of Invnn and his conorkers' demonstating th 
presence of hentahle antigens in the blood of cattle and f veraUpec 
birds IS of considerable interest To date more than 40 such ant g 
hay e been detected in cattle blood In addition to their interest from 
basic genetic standpoint, they are useful m cases of disputed paren g 

Lethal Action of Genes *— Any organism is a delicately balanced 
tern of actions and reactions and can survive only a more or less , 
range of change This is nicely illustrated m the blood stream, 
must maintain a proper balance of sugar, minerals, vitamins, j , ’ 

and other elements if the organism is to function normally Ail o 
characteristics are referable in the final analysis to the genes, nhic 
duced the organism, manifesting themselves of course in our interna an 


external environment 

It 13 not surprising, therefore, that gene changes sometimes resu 
the sort of unbalance that destroys the organism Such manifestation 
arc knoim as lethah In the fowl, for instance, there sometimes occurs a 
condition known as creeper (short wangs and legs) When tw o creep 
are mated, some normal offspnng are produced, the normal conui i ^ 
apparently being reccssi\e to creeper, but the ratio of such matings is 
creeper 1 normal In^ cstigation has show n that some of the embrj os 
die at about the fourth da> of incubation, these presumably being 
homozjgous creepers Creeper, therefore, has the genetic constitution 
Cc, normal cc, this being a dominant lethal, according to Snyder, and t c 
homozj gous and heterozj gous conditions are recognizably different 
Sc\ oral recessi% e lethals are know n in cattle, vrz , parroh-beaked (abnor- 


’ See Owen, It. D , d aJ , An Immunogenetic Analj'sis of Racial Differences m 
Dairj Cattle Gmetm 32 (H-74 1047 

* r ATON O \ , A 8unimar> of Lethal Characters m Animals and Man, Je^r 

ntrr.1 , 28 (9) .320-326, September, 1937 
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mal lo^^ er jaw; calves live only a few hours), amputated (calves bom dead 
with legs and lower jaw missing), short-spmcd (fused and compacted 
vcitcbrae), hairless Bulldog calves with greatly dished faces and very 
short legs are a dominant lethal manifestation similar to creeper in fowl, 
the heterozygotes being the short-legged Dexter cattle 

Other abnormal conditions that may be due to lethal genes include 
mummified calves, resoibed fetuses, ossified joints, and various types of 
congenital dropsy Othei lethals in farm animals are known, c g , para- 
lyzed hind limbs in sheep and swine, thick forelimbs, closed anus and cleft 
palate in swine, closed colon m horses If an abnormal embryo is born 
the lethal is made obvious Such happenmgs are generally due to failure 
to reach full development, c g , hair or limbs do not grow , palate, skull, or 
lips do not fuse in the mid-linc, joints fail of full development with fluid 
and pads between bones Lethals that destroy the organism in early 
embryonic life wnth its subsequent resorption may pass unrecognized as 
Btonlity 

Like most other mutations, the bulk of lethals are recessive and may 
lemain hidden in a stock for many generations For their total removal 
from a strain, test matings and rigid selection must bo practiced with the 
knowledge that in the case of rcccssives both parents arc carrying tlpj 
gene 

^fany lethals of \arious sorts arc knowm also m plants and in man 
Lethals may kill the organism at any time, t c , during embryonic, fetal, 
01 postnatal times, and, if the lethal gene is located on the se\ chromo^ 
some, peculiar 6c\ ratios w ill of course result 

Iho following list of lethals contains those listed by Eatoii^ in 1937 nnej 
n fei\ othciij reported m the Journal of Heredity since that time 

Horses 

Atrcsi‘\ coll — closure of intestine II* 

Aluiorin il sox ratio — IS males DOfcmnlcs ^ox-Imkoil R 

Ix!tli il ;vliite — low fertility— Ictlinl or bltrilitj factors or both ? 

Stiff forclcRS Probiblj R 

Cattle 

AclinmlropliPini — (Iliilldoi;) short l<i,s nnd land, hornn, dii and 
alKirtwl fourth muntli 13f 

Achondroplan i, — (nulldoi;) short head, cKft palitt, d< forini d jnws, 

«lio soon R 

conueriila— amputafo*! — apprn<lftK»-i short orab«cnl It 
\pn'\lhia — M rj si orl low* r jaw (sex liniltM to inalcTj U 

\tiV,\ Inwin— <t'«ificntioii of joiiitK !l 

• It • rrr>t»»tyy 

t n •• tl«n n«ht. 

* rif 
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Congenital dropsj— naler m tissues and cavities 
Congenital icht! yo'iis— scaly cracked skin 

Epithcliogcncsis imperfecta— imperfect skin, partlj hairless— 
Septicemia 
Fetal resorption 

Hernia cerebri — failure of frontal lioncs to fuse 

Impacted molars— short ]arv defective teeth — die within week 

Lameness m hind limbs — cahea unable to stan ! 

Muscle contracture — head and legs drawn up — joints stiff 
Mummification — abort stiff neck promment joints — usually die as 
8-montha fetus 

Short limbs — limb short hoofs undeveloped 

Short spme — ribs and a crlcbrac fused, back bent dow n 


R 

II 

11 

f 

7 

? 

It 

R 

R 

R 

R 


Sbeep 

Amputated — no claw s on feet 7 

Parlesiand chit palilo H 

Lethal gray — m Turkanas and Karakuls H 

Muscle contracture — usually stUIliorn K 

Paralysis— hmd parts paralyzed— hve few days R 

Skeletal defects — large bead short upper jaw, rigid fotloclcs R 


Swine 

Atresia am— closed colon f 

Catlm mark — parietal or frontal bones not fused R 

Cleft palate— young unable to nurse R 

Excessive fatness — young die at 40 to 80 kg H 

Fetal mortality R 

llydrocephalus—water outside brain m subaracl noid spaces R 

Hypotrichosis — hairless (l^ck of iodine) 7 

Legless — (shoulder blades and pelvic bones but no hmb buds or leg 
bones) R 

liObed ear — usually also cleft palate and deformed hind legs 

Probably R 

Muscle contracture — thick stiff Jegg R 

Paralysis — hmd parts paralyzed R 


Man 


Brachyphalangy— short middle plialanx second finger and toe live 
1 year 

Congenital ichthyosis— cracked imperfect skin live 3 days 
Glioma retinae — mahgnant tumor of retina 
Icterus— jaundice hve 4 days to 3J^ years 

Infantile amaurotic idiocy degeneration of cerebrospmal nerves 
live 2 or 3 years 

Progressive spinal muscular atrophy — hve a few j ears 
Xeroderma pigmentosum— sensitive skm scars and carcinoma 
live 12 years 


D 

R 

7 

7 

R 

? 

R 


Multiple Factors — ^Thus far our discussion has been confined to qual‘ 
tatn ely differing characters such as color of hair, presence or absence of 
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horns or of feathers, types of blood, or the ability or inability to survive, 
etc. There are many other characters, in fact most of the important ones, 
that do not exhibit this alternative type of expression but rather show all 
manner of gradation between rather wide limits. Such characters are 
quantitative and, as examples, size, yield, power, stamina, rapidity of 
fattening, quality of carcass, degrees of fertility, and probably most of the 
other commercially important characters of our livestock might be 
mentioned. 

It seems probable that the final expression of a great many character- 
istics of higher animals may be due to the interaction of many sets of 
genes. This point of view has dawmed gradually, as more detailed infor- 
mation about inheritance in some of the lower forms of life has accuma- 
lated, and is in. direct contrast to the views held soon after the rediscovery 
of Mendel’s work. Attempts have been made to analyze complex physi- 
ological processes such as milk production and the percentage of fat in 
milk on the basis of the interaction of a few pairs of genes, but they have 
not been successful. Fortunately, it should be possible to make progress 
in breeding on the basis of a sound knowledge of the basic principles oven 
in the absence of specific information concerning the number and inter- 
actions of the genes responsible for the appearance of commercially valu- 
able qualities. When many factors or genes arc concerned, we know that 
the offspring arising from the mating of two extremes tend to fall on the 
average about midway between two parental levels. This principle is 
involved in indexing dairj- bulls, as described in detail in Chap. XXI. 

The multiple-factor hypothesis grew out of the work of Nilsson-Ehlo 
with wheat and East with com. The former crossed several strains of 
red and white wheats. In general the red color was only partially domi- 
nant over wliite, for tlic Fi was not ns dark red as the red parent. In the 
Fs there were 3 reds (1 dark red, 2 lighter red) to 1 white. This indicates 
a ono-genc pair reaction. Another cross of red and white wheals gaVe a 
similar Fi hut anFj of 15 reds (of varj'ing shades) to 1 white thus indicat- 
ing a two-gcnc pair reaction. Still a third cross gave the usual Fi but an 
F; of 03 reds (again of varj'ing shades) to 1 white, which indicates a throe- 
gone pair reaction. This iiniformitj* of the F\ and variahilitj' of the Fj is 
goncntlly tnic of quantitative characters controlled by many genes. 
llrt“c<ling tests rcvc.'ilcd that there wore one, two, and three pairs of gcuies 
operating in these cu'^cs. In the Iwo-genc cro's.s it was shown that a wheat 
with four re<l genes ^^as rc<ldcr than one with three, this latter one rtnhler 
than one with two, and tins in turn itslder tlmn a wheat with only one re<I 
gene. In the.'-e cn‘*es, there is not complete dominance, b\it the genes net 
in a cumulative fa*'hion. 

This methfxl of inheritance is now thought to lx» o;)er.nfi>e (.along with 
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, 0 —. ep.sta.,, and other t^s) ™ rorl” 
commercially important animal characters I 

Smpting to unravel the exact mode of inheritance of many charac ers 

'%“~o1etermine mth a fair degree 

genes are operating to produce a given characteristic If t 

are mated, the F, mil fall about midaay bctiveen the ^ ® ^3 

are acting cumulatively If 1 out of the 4 of the ! is ® 

each of the 2 extreme grandparents, then ue arc sustified m ass ® ^ 

1 pair of genes is inv olved If 1 out of 16 of the F, is as “ 

grandparent, then 2 genes must be operative This interpretati 

very ell the observed reactions of color inbentance in ^ . , 

being represented by AA BB and white skin by aa 6b 6 i ' 

mulattoes, AaBb, and i\ill yield five grades of color . 

number of dominant genes present, AA BB being black, AA J> , 

being dark brown, Ac Bb, etc being mulatto, Ao 66, etc , being »g 


brown, and aa bb iihite j nno 

A cross between long-eared rabbits (220 mm) and 

mm ) gives offspring with cars about ICO mm mlength TheseFir® ^ 
in turn produce a graded scale of car lengths m Fj ranging from 220 oiiTi 
to 100 mm , each dominant gene accounting for an increased ear lengt o 
20 mm and acting cumulatively The student should make up a ta e 
shoiiing the number of operating genes on the basis of the number o 
extreme individuals m the Fz and x\ill find such a table useful m 
preting problems involving cumulative multiple-factor inheritance, 1 
of 4 as extreme as each grandparent == 1 pair of genes, 1 out of 10 — 


pairs, 1 out of 04 *= 3 pairs, etc 

On the basis of multiple-factor inheritance it is possible to make crosses 
that 11 lU yield some Fj members more extreme than either grandparen 
This IS probably due to each parent contributing some effective alleles n 
supplied by the other parent and is knoim as transgresstie lanatton 
Thus one parent might be AA BB cc and the other aa BB CG, i\ hereupon 
the F 1 IS ould be Aa BB Cc, but giving the possibility of getting A A BB CC 
in the Fi iihich iiould be more extreme than either grandparent 

Most quantitatiie characters such as size, groirth rates, milk produc- 
tion, egg production, and prolificacy depend for their expression upon the 
interaction among a large but unknoiiTi number of heritable factors an 
eniironmental influences Thus the cialuation of differences between 
brecKla, lines, or strums of animals does not depend upon determining the 
actual effects of specific genes, but rather upon determining the aieragc 
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effects of large numbers of genes. Because of the complexity of these 
interactions, standard statistical techniques are ordinarily necessary for 
the correct interpretation of genetic studies. A knowledge of such pro- 
cedures as correlation, regression, and analysis of variance and covariance 
is necessary. The detailed statistical techniques are given in such stand- 
ard texts as Snedccor (194G). 

A question as to the scientific validity of the additive, nondominant 
action of multiple genes has recently been raised by MacArthur.^ Using 
diallel crossing between four varieties of tomatoes with fruit weights 
ranging from 0.8 g. through 3.6, C5.9, and 106,8 g. per variety, this investi- 
gator found that the various Fi hybrids were not an arithmetic average 
between the pure parent stocks but closely approached the geometric 
means of the parental varieties. For example, the cross between the 
0.8-g. parent and the 3.C-g. parent did not yiel d an Fi of 2.2 g. (the arith- 
metic mean) but the Fi averaged 1.7 g. (\/0.8^ 3.6). Likewise the 
cross between t he 3.C-g. and the 10G.8-g. parents gave an Fi of 19.4 g. 
(very close to V3.6 X 100.8 = 19.0) rather than the arithmetic mean of 
65.2 g. The whole scries of crosses was orderly and followed the geo- 
metric rather than the arithmetic pattern. The size of the Fi fruits was 
quite evidently controlled to a large extent by the genes provided by the 
smaller parent or, stated differently, the amount of additional growth 
brought about by the genes of the larger parent was limited in a propor- 
tional manner by the substrate upon which the activating substances 
reacted. More recent work by MacArthur (1944 and 1949)® with mice 
appears to bear out his earlier conclusions based on tomato work. 

Because so many of the commercially important characters of our live- 
stock are dependent on cell size, cell number, or cell activity and appear 
to be controlled by many genes, this new theory, if it proves to be of 
general validity, will have an important bearing on our reasoning and 
procedures in livestock breeding. If, for e.\amplo, 4,00(>-lb. producing 
cows were mated to a bull with a hereditary complex for 24,000 lb. of 
milk, wo would expect the resulting daughters to average not lialfway 
between 4,000 a nd 24,000 or 14, 000 lb. (the arithmetic mean) but rather 
at 9,800 lb. (V 4,000 X 24,000). In other words, the genes from this 
verj' high-heredity sire arc limited proportionally by the low-hercdity 
genes of the dams. IVlicre the dilTcrences in the hereditary levels arc 

' MAcAnxuun, J. W., Size Inherilanco in Tomato Fniits, Jour. Ilcrcd . 32(0)* 
201-205. 

* MAcAuTiiim, J. M., Genoljcs of Body Siro and Hrlatcd Chnnictors. I. 

Small and lAfRO llaccs of tho Lnlwratory Mou*'e, Ainer. Nat., 78:1.12-157 JOIJ* 
II. S.atpllito Characters Associntwl with Bo<ly Size in Mice, Nat., 78:221-237 

1014; SolecUoJi for Small and Large Body Size in the House ^fouso, Genetics 34*19tl 
209, 1919. 
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small, tho anthmetio and geometnc means are very similar For ™niple, 
it the sire s level was 14,000 lb and the dams 12,000 lb , the anthmetio 
mean would be 13 000 and the geometnc mean 12,961 lb 

Sex-hnked Inhentance —In the examples used thus far to illustra e 
\ anous types of inhentance, it has made no difference as to sex w ere 
the vanous characteristics were placed, t e , this set could have 
the male, that m the female, or vice versa In the type now to be dis- 
cussed, hov ever, it \\ ill make a difference, because the genes determining 
the characteristics ill be located in the chromosomes that determine e 
sc\ of the individual 

Drosophila melanogasier, the common fruit fly, has provided more 
material assistance than any other species m the solution of the problems 
in\ol\ed m hereditary transmission Cytological studies of the cells o 
this organism reveal the fact that they have four pairs of chromosomes 
In the female, these are all evenly paired, two of the pairs being large, 
bent rods, one pair very small and oval shaped, and one pair fairly large, 
straight, and rod-shaped The first three pairs are called autosomes, an 
the last pair sex or X chromosomes (see Fig 89) The chromosoma 
make up of males is similar to that of females regarding the autosomes 
but the male has an odd pair, one of the pair being an X chromosome, 
like that found in duplicate m the female, the other member of the pair 
being somcMhat smaller, wth a hook or bent portion at one end, and 
called the Y chromosome 

Xy Type of Sex Inhentance — In the breeding work with Drosophila, 
^\hlch normally have red eyes, a white-eyed mutant male was found by 
Morgan This male was saved and, when mated to red-eyed females, 
jielded an Tj all of which were red-eyed The Ft gave the expected 
3 red 1 \\hitc phenotypic ratio, but it was noted that the white-eyed 
induiduals were all males This exception to usual Mendelian expect- 
anej was finallj explained by locating the gene for white eyes m the 
X ciiromosome The Fi female from a red female w hite-male cross w ould 
therefore ha\o two chromosomes, m one of which would be found the 
gone for red ejes, with the gene for white eyes m the other sex chromo- 
home Mated to a red-ejed male, she m turn would yield an Fj with 
both of the females rcd-c>cd, one male red-ejed, and the other white- 
c> cd The diagram on page 349 illustrates this cross 

1 his IS an example of sex linked mhcntancc It is seen that the female 
prwlucos eggs, following reduction, ail of which arc alike as far as the sex 
chromosome is concerned, whereas the male produces t\\ o sorts of sperm 
cells m equal mimlwrs, one containing an X chromosome and the other a 
1 chromosome Tlie •sox of the offspring depends therefore, on the t\pe 
of Fi>crmatozoon that happens to fertilize the egg, an X egg plus an 
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X-containing sperm yielding a female and an X egg plus a Y-containing 
sperm yielding a male. All characteristics that are determined by genes 
carried in the X chromosomes rvill, therefore, show this peculiar type of 
sex-linked inheritance. Many such characteristics have been discovered 
and catalogued. 


^Vhite-eyed 
male sperms 

Rcd-cycd female eggs 


RX 

RX 


rX 

RXrX 

RXrX 

Fi red-eyed females, heterozygous 

Y 

JiXY 

RXY 

Fi red-eyed males 


and the Fi produced by mating two Ft’s 


Red-eyed 
male sperms 

Red-cyed female (heterozygous) eggs 


RX 

rX 



RX RX 

RXrX 


Bhh 

RXY 

rXY 

Ft males, 2 red-eyed, 2 white-eyed 


Fjq. os — Checkerboard diagram of cross of red-eyed female and whito-cyed male through 
Ft. 


Sex-linked Factors in Drosophila. — There is abundant substantiating 
proof of this theory from the behavior of sex-linked factors. The sex 
chromosomes (chromosome I in the chart, Fig. 108) carry factors that 
determine characteristics just as do the other chromosomes. About 200 
sex-linked character have been discovered in the fruit fly. The factor 
for white eyes in Drosophila, for instance, is sex-linked. When a white- 
eyed male rXY is mated to a red-eyed female JRXIRX, the Fi offspring all 
have red eyes, because red eye is dominant to white eye in Drosophila. 
In the Fs, red- and whitc-cyed flies arc produced in the proportion of 
3 rcd:l white. All the females of this generation are red-eyed, but of 
the males have red eyes and H have white cj’cs. AMicn the reciprocal 
cross is made, t.c., when a whilc-cycd female is mated to a rcd-cycd male, 
the results are different. In the Fi of such a mating, all the female flies 
liave rod eyes and all the male flies have white C 3 'cs. In tlic F: of this 
cross, the females have red eyes and h.avo white eyes, and likewise 
among the males have red eyes and have white eyes. 
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rY 

i 


R\ 

Y 

R\ 

n\r\ 


rX 

RXrX 


R\ 

R\t\ 

R\\ 

rX 

R\rX 


Fi cross white-c\cd male and red-eyed 

Fi cross, red-eyed male and white-cjed 





female 



1 



i 


1 

R\ 

Y 


rX 

Y 

R\ 

R\R\ 

RXY 

R\ 

RXrX 


1 

R\r\ 


rX 

rXrX 

r\Y 

fj cross wliitc-cjed male and red-eyed 

Ft cross, red-e>ed male and white-eyed 


female female 

Fio 90 — Diagram of cross of wliite-ejcd male X red-ejed female and the reciproca 

In the foregoing diagrams the presence of two X chromosomes deter- 
mines a female, an X and a Y chromosome determine a male to® 
presence of at least one i2 determines red ej cs, because red c> e is dominan 
to white It has been pointed out previouslj that, aside from the pair 
of BOX chromosomes, the pairs of chromosomes m both the male and the 
female of Drosophila are alike and cany corresponding factors or deter- 
mincrss of characteristics In this tj|>e of sex mhentance, the female is 
homogametic for the sex chromosome A aanation of the XY tjT)® oi 
FC\ determination occurs in some species that lack the Y chromo«omc 
Here the females arc XX but tlic males are XO (Y chromosome lacking) 
It is evadent, howe\cr, that the male will still produce two t%TX:s 
•“permatoroa, one containing an X chromosome, the other lacking an X 
chromo'»omc 

Sex-Unked Characters in Man — In the human familj a scx-lmkcd 
characteristic is that of color blindness, or the mabihtj, through an 
inherent defect in the e>c, to distinguish between \anous colors H 
well known that there are man> more color-blind men than women, the 
reason for which should soon be caident Repre^nting normal M®ion 
with C and color blindness with c, the followang is the genetic make-up 
of a normal-\ision«l woman CXCX and of a color-blind man 
Such mating would gne children in the Fx all of whom would be normal- 
Msioncd, though all the daughters would be earners of color blindne~.* 
In the r,, there would l»e 3 nornuU i^ioned children (2 daughters and 
1 ^oI0 to 1 color blind child (son) The reciprocal cro«^ is also diagramc<l 
ns shown m Fig 100 

In the foregoing two \ chromoaomoa determine a female, an X and 
a \ chromo>ome detormme a male, and at least one C determines the 
abilitN to difTenntiate colors Tlie occurrence of color blind men H to 
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BZ 

— 

BZ 

bL 

BZ6Z 

BZ6Z 

t±: 

BZW 

BZW 


Fj cross, barred cock and black ben 


, 

BZ 

bZ 

1 BZ 

B7BZ 

BZbZ 


BZW 

bZW 



bZ 

bZ 

BZ 

BZbZ 

BZbZ 

W 

6ZW 

bZSV 


• Pi cross, black cock and barred hen 


bZ ^ 

BZ j 

6Z 


BZbZ 

bZbZ 

w 

fiZW" 

bZtV 


Ft cross, barred cock and black hen 
iiQ 101 — Diagram of cross of barred 


Ft croM, black cock and barred ben 
and black hen and its reciprocal in Ft. 


In the foregoing, two Z’s determine a male, one Z and one W a female, 
and at least one B a barred individual 

In some species the Y or W chromosome is lacking, giving XU or 
types of spermatozoa or ova , 

Sex-mfiuenced Inheritance.— This type of inheritance is not to oe 
confused with sevlinked inhcntance, which has been discussed in the 
previous sections In sexlmkcd inheritance the genes determimng the 
characteristic are located m the X chromosome Such is not the case in 
bcx-mfluenced characters, the genes for such characteristics being locate 
m the autosomes, not m the sex chromosomes 

Basically all characteristics are dependent on genes, or the mteraction 
of genes plus, of course, a suitable environment, both external an 
internal The environment, be it noted, is just as important as the 
genes A cow, for instance, might have mhented the genes that worn 
allow her to produce 10,000 lb of milk under good environmental con- 
ditions, but, if she calves out m the woods and runs wild therein, it is 
doubtful whether she w ould give more than a fewr hundred pounds of mnk 
at the most 

Amtnala also have an miemal environment, their own bodies, and it 
IS apparently this internal environment that, together with genes, is the 
dctcrmmmg factor m the expression of sex-mfluenced characteristics 
Both the male and the female are supplied with several sets of glands 
that secrete chemical substances which are picked up by the blood stream 
and earned to all parts of the body, where they make their presence 
known through mfluencmg the activities) of cells m vanous parts of the 
holly These are knowii as the endoenne, or duciless, glands, and their 
fcccrttions as homorifi The thyroid gland, which lies athwart the 

Vdam's apple, ‘>ecrctcs thvroxm, which plays a very important part m 
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both physical and mental growth. The suprarenal capsules, situated 
just above the Iddneys, secrete adrenalin, which helps to legulate the 
amount of sugar in the blood. The most important of these duct- 
less glands is probably the pituitary gland, which lies embedded in a 
little bony socket at the base of the brain and is known to secrete a 
dozen or more hormones, among others those which incite and regulate 
sexual manifestations as well as lactation. The gross picture, as far 
as the above endocrines are concerned, is the same for both male and 
female. 

However, the female has ovaries and the male testes, and, as was noted 
earlier, these glands have an endocrine as well as a spermatogenetic or 
ovogenetic function. In other words, the internal envii'onment of males 
and females is basically different, and herein lies the explanation of the 
expression of these so-called “sex-influenced’^ characteristics. In sheep, 
for instance, some breeds have horns in both sexes, some horns in the 
males only, and still other breeds are hornless in both sexes. If we crossed 
a horned breed Qih) with a hornless one {HH), the Fi males will be horned 
(Hh) and the Fi females (Hh) hornless. If we go on and get the Ft 
from this cross, we find that among the males there is a ratio of 3 horned : 1 
hornless, among the females a ratio of 3 hornless: 1 homed. Clearly the 
internal environment is influencing the e.\prcssion of this characteristic. 
Warwick and Dunldc^ have shown that genes H (hornlessness), H' 
(Dorset horns, i.c., in both sexes) and h (Merino and Rambouillct horns, 
i.e., horns in male, Imobs in female) form a series of multiple alleles. 

A somewhat similar situation is found regarding the inheritance of the 
very dark red (mahogany) color in Ayrshire cattle, the Mm genotype 
producing mahogany and white pattern in males, but red and white in 
females. In man, a certain type of baldness shows the same sort of 
inheritance. 

^Jalo Fcmah 

mahogany ami wluto - MM mahog.any and wJulc 

mahogany and hite Mvt red and white 

n-d juid hile mm ■ ^cdund^^h^tc 

Still another sort of scx-irifliienctHl inheritance is that relating to cock 
and hen feathering in poultry. As is well-known, the differences in tlie 
plumage patterns between males an<l females arc duo to testicular and 
o\*nrian hormones. If tlic ovary of a bird l>elonging to a race that nor- 
mally exhibits differences in mule and female j)lnm:igc is remo\ei] aiul 
a piece of testes transplanted into her, fche will then proctrd to develop 

‘ Soc Jour. HereJ., 30(8):32,>-a2a. 
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the n.ale feather pattern A aommant gene (/f) for hen f-^errog -s 
knorvn m poultry Hens of whatetcr gcnUio constitution ' 

or ihh) -will be ben-feathered because they lack the proper 
t, specifically the male sex hormone, to Pf ““ 
mg In males, the gene H prevents the development of cock fea hen g 
so that HH and Uh males are hen-tcathered, lihereas hh 
cock-feathered The characteristic ,3 therefore seen to ^ 1 

the male and to he due to the interactions of genes with the interna 


environment of the ammal 

Probability. — Mathematics is coming to play a greater and gre 
part in genetic research oning to the fact that inheritance is tradable 
particulate elements, genes, which, although functioning through a co 
plex system of reproductive physiology, yet behave m an orderly, speci , 
predictable manner Mendel’s early success in discovenng the , 

of inheritance w as due largely to the fact that he kept accurate reco s 
the appearance of characteristics by separate generations and foun 
they followed a certain statistical regulanty 

If we toss a pexmy, it has an even chance of falling heads or tails, 
chance of its falling either being H If "e toss two pennies, the 
that one of them wnll fall heads is the chance that the other w ill a 
heads is and the chance that both will fall heads is the product of ® 
likelihood of each separate event or H X H = K The same situation 
prevails for the likelihood of both falling tails The chance that one w 
fall heads and the other tails is H X M or K, or that the former will fad 
tails and the latter heads is X H or so that the chance of getting 
one head and one tail simultaneously is + K or Likewise if we 
toss three penmes we may get all heads, m fact, the chance that we w 
18 defimtely known to be ^ X H X H or 1 chance in 8, and the chance 
that we will get tw o heads and one tail is again the product of the sepa- 
rate probabilities, i e , two heads = X or X one tail = or 
}'i because ivitb three coins being tossed the tw o-heads-and- 

one-tail combination can appear from any of three combinations Like- 
ivise, w e w ould have a ^ chance of getting one head and two tails and a 
chance of getting three tails 

Tlus is seen to be simply an expansion of the bionomial (a -h ^) » 
where a = and b = and n is any number We can let a represent 
heads (chance and b represent tails (chance Yi) Therefore, we can 
quickly find the answer to the question, “How manj times in tosses o 
three coins simultancouslj will we get two heads and one tail^ Expand- 
ing the bionomial wc Imc o* + 3a'b + Zab^ — b* Since we arc dealing 
w ith the tw o heads and one tail combination and a stands for heads an 
b for tails, we select the second term of tbo expansion 3a’b and substitute 
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the values for a, (3^) and for 6, (3^) and we have 3 X (3^)^ X K 

3X34X>^=M- 

The procedure is the same for any problem involving probabilities; 
viz.f first find the probability of each separate event and then substitute 
these values in the proper term of the expanded bionomial. If, for 
instance, we wanted to know how many times in clutches of 8 eggs from 
birds that are hetero 2 ygous for both A and B, i.e., of the genetic consti- 
tution Aa Bh, we would get 6 feather-shanked and 2 clean-shanked birds, 
first, we must remember that these are duplicate factors and that either 
A or B or both will produce feathered shanks, while aa hb is clean-shanked. 
The ratio from these parents is then 15 feathered : 1 clean. "We will let a 
stand for feathered and b for clean. Now our term in the bionomial 


expanded to the eighth power is o* + 8a’b -f 2Sa^b^, and we now sub- 
t /fSV/ 1 \2 318,937,500 

statute the values for a aud b, giving 28 = 4_294,966,2""’ “ 


roughly Ka* fn other words, once out of 13 times we can expect to get 0 
feathered and 2 clean-shanked birds from clutches of 8 eggs when the 
parents are double heterozygotes for the two pairs of genes that act in a 
duplicate fashion in producing this characteristic. 

In cases where there are three possibilities, e.g., in a cross bet^vecn two 
red hogs that are double heterozygotes for the two pairs of genes cither 
dominant of which by itself produces sandy-colored hogs in a 9:C: 1 ratio, 
wo would have to expand the trinomial (a -f b -j- c)". 

In all cases the chromosomes assort and recombine at random accord- 


ing to the laws of probability. 

Gene Manifestations. — Genes are the genetic representatives of specific 
characteristics. The exact nature of the physicochemical make-up of the 
genes is unknown. At present, they arc known simply by their actions. 
It is the purpose here to point out some of the ways in which factors mani- 
fest themselves. 


The simplest gene manifestation is of the sort where apparently one 
gene conditions the development of a certain characteristic, c.g., the fac- 
tor B, which brings about poUedness in cattle. As a contrjist to tius may 
be considered the function of milk production, which is no doubt <Iepcnd- 
ent on a great many genes, for milk production is u complex pliysiological 
phenomenon dependent among other things on the capacity, tcmpeni- 
ment, and vitality of the cow. One gene may liave a very pronounced 
effect on the individnul; c.g., in i>cas, the ^ne 7\ which hriiifpi about Uill- 
ncaa, wherea-H genes U bring about dwarfness; or the gone may cause (he 
early «leath of the imiividnal (lethal genes). On t)jc other hand, the gene 
nuiy condition the develoiuncnt of a minor chanicteristic, .^uch as eye 
color. Tlie white eye in Dro>opl»il:i, however, is only one of tlie >trvenil 
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characters that such mutants cxh.b.t, some of the others be.ng a loacrc<l 
fertility and vitality, thus, one gene apparently affects "'‘‘"y 
istics Ihe individuals of ccitam races may evhlbit a good 
ability, but the evidence nould seem to point not to the uiist 
of the ccne but rather to environmental efTects as the source o 


^Entirely dillerent genes may also bring about the identical character- 


istic in the organism * 


We find, m experience, that ne cannot safely infer from the appearance of 


the character rvhat gene is producing it Tliero nre at least three white ° 


me uiiarat-wii witriu — a— +v.*ore 

fowls, produced by different genes Wc can synthesize white-eyed thes tha 


somatically indistinguishable from the ordinary w hitc-eyed race, yet they a ^ 
combmed product of several known color-producing genes The purp e J 
color of Drosophila is practically mdistingiusliable from the eye colors maro 
and garnet 

It should be emphasized that determiners are not charactenstics 
animal does not inherit characteristics from its ancestors, but rather i 
does inherit potentialities ^Vhcthc^ the potentiality develops to its 
fullest extent in the animal depends upon the environment, and the term 
environment is here used m its m idcst sense The new organism has an 
environment from the minute the egg is fertilized by the sperm, or ue 
might go even further back and consider that the egg and sperm eac 
has an environment before fertilization has been accomplished The 
point 13 that the environment, speaking generally, may inhibit the lul 
expression of potentialities from a time preceding fertilization uni 
physiological matunty has been attained Developmental aberrations m 
utero may affect the embryo dcleteriously from either an anatomical or a 
physiological standpoint, and tho same is true of a multitude of environ- 
mental conditions following birth For example, even though an animal 
inherited the potentiality for large body size or high milk production, the 
end results actually obtained are capable of extensive modification 
through feeding and management Likewise many people inherit the 
potentiality for having considerable pigment in their skin, but this « 
conditioned by the action of sunlight In other words, w e tan in summer 
and bleach in w inter 

3 he Gene — Up to the present, genes are knowm only indirectly, i c , 
know them by their actions That they are chemical structures of some 
sort is, of course, a generally accepted opinion Mendel postulated some 
sort of entities w^thm the germ cells that were held responsible for the 
appearance of certain somatic characters Later genetic studies sub- 


‘ Morgan T H , 'PhyBical 1 
Company, Philadelphia, 1919 


i of Heredity, pp 239-240, J B Lippmcott 



THE PRINCIPLES OF HEREDITY 


357 


stantiated this idea, and the genes for many chaiacters have been defi- 
nitely located in certain chromosomes in i elation to other genes in the 
same chromosome on the basis of their behavioi in hereditary transmis- 
sion In bnef, the gene is thought of as an orgamc umt, located in a 
definite place in the chromosome, which is in some manner capable of 
reproducing itself, and the genes m turn are held to be the responsible 
agents in making possible the appearance of all the characteristics of a 
new organism 

Vanous estimates have been made regarding the size of the gene, rang 
ing from 10 to 70 m^ as the upper limit In any event they must be 
exceedingly minute Because of the fixed wave length of visible light, 
the smallest objects that can be seen distinctly vith the highest powers 
of the microscope^ are of the order of 250 m/i, i e , about 1/100,000 in 
(1/100,000 in compares vith 1 in as 1 m compares with 1 58 mi ) By 
use of the ultraviolet light with its shorter wave length, objects of the 
order of 100 m/x have been photogiaphed Ordmaiy bacteria, without 
distinguishable nuclei or chromosomes but presumably containing genes, 
are of the order of 500 to 750 m/i, and the filterable viruses are thought to 
be of the order of about 10 to 250 mu 

Summary — In this chapter we have considered several additional 
types of mhcntancc We have learned that there may be moie than tw o 
alternative forms of a gene making manifest the principle of multiple 
dlelcs Wo also have seen that many of the commercially valuable 
characters of our anim vis are determined by the interactions of a gre vt 
many pairs of genes It is this feature, phis the fact that our larger 
ammils have so few oHspiing, that malics ammaJ breeding so difficult 
We have also become acquainted with the action of lethal genes as well 
as the vanous types of mhcntancc associated with or dependent upon the 
''cx of the individuals Pinally, wc have seen that the transmission of 
potentialities from ancestors to offspring behaves m in orderly fasinon 
which IS picdictablo on the basis of the laws of cJi nice or prob ibility, tli ifc 
tlie fin il result of gene action may follow a ^ inely of patterns, and that 
oy tology is w orking ev cr closer to a s itisfactory explanation of the nature 
of the b ISIS of all living matter, the gene 

References* 

Problems 

1 If two chinchilK ribbtis prottiict both ihmchilU und aihuio ofTtimnir, wliit 

UTu tliL uf nil thi'M. inminlit? 

2 Could two rhinchilK ndil itn prtMlun. Imtli Unit dn>nn md illiiiu* < n’>prii»j;7 

‘ IIm; rurrrnt d< m lopuaiit uf tht Licctnm mirro<>co]Mf in i> oooii {Kriiut miali in >ro 
d( t-vilid p}i>4>c-il kiiowloigt of the ihruiituiioiiu* nnd 
* is-o hstn it itid uf \1 i{il\II 
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3 W-iat a« the genotjpes ot the parenta m the toUe.aeE eabb.t crosses 
(o) Colored X colored give 3 colored and J Himalasan 

\h) Colored X chrochdla glee !4 colored. H church Jla, K Hmalaj an 

(c) Chinchilla X Himalajan glee 'A chinchilla, H Hunalajan 

(d) Colored X Ilimalajan giie }a colored, H Himalajan 

(e) Chmchdla X Himalajan gije M chmchdla, M ^ , parents of the 

4 -n hat Mill bo the pbenotj pe, as to blood groups, of ofisprjng of parenls 

following gcnotyi)ca for blood groups 

Aa X a*a 
Aa^ X 
<Ai X 

6 If a person of blood group AB marries one belongmg fo group 0, what mil be 
problem, on blood groups, determuio fhe geno- 

*^e patent is group A and the other group B, but all four groups arc represented 

among the children , , , * j and M to 

7 Both parenta are group A, but H of the children belong to group A ana n 

^8^ One parent la AB and the other B, but of the children H are A, H 

9 In the two following cases of disputed patemitj , determine ^ i 

the child (o) The mother belongs to group B the child to 0 

and the other to AB ({.) the mother belongs to group B, the child to AB, one pw 
blc father to A and the other to B ,j-Bic!teria 

10 In the choice of donors for blood transfusion, a patient s brother or 

often selected Would these be more likely to be successful donors if both p 
belonged to blood group AB or A both belonged to group 0? Explain Idreo 

11 If both parents belong to blood group AB, what proportion of their c 
would be expected to be of such a type as to be able to gj\ e blood to 

12 Consult the chromosome map for Drosophila (p 3o7) and determine bow 
dominant genes must be present m each chromosome to give the normal red e> ® 

13 If a rosc-combcd creeper male is mated to a rose-oombed creeper fema e 
produces a number of single-combed normal birds, what were the genotypes o 
parents? 

14- Note — In poultry, creeper is a semidominant lethal, bamng a sex 
dominant 


s linked 


X cross of creeper barred female and normal nonbarred male would gi'^ 


what 


offspring? jg 

16 cross of creeper hetcrozjgous barred male and creeper, nonbarred feih 
would gi% e w hat offspring? 

16 V cross of creeper double heterozygous walnut-combed, barred female an 
normal, rosc-combed heteroz> gous barred male w ould gi\ e what offspring? 

17 • V sex linked recessive lethal factor is known m poultry IMiat would be ^ 
sex ratio of tl e offspring of a male heterozygous for the lethal, crossed intb norm 
fcinaks? 

• Note — In tlmlist the probkms that are starred are taken from Snyder, ‘ 
pica of Heredity , D C Heath and Company , Boston 1040 , and are reproduced 
through the kind permission of the autiior and publishers 
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18. * a certain senes of matings between normal pigs, 38 offspring were boni 
Of these 29 were normal, and 9 had greatly swollen forelegs The latter lived only 
a few hours How could these results be expUincd genetically? 

19 * In the Tzouracana sheep of Romania, gray mdividuals and black individuals 
arc found The black animals when bred together give all black offspnng Black 
mated to gray results in approximately equal ratios of black and gray lambs I\Tien 
grays are mated together, approximately two thirds of the offspring are gray, and 
one third black What kind of inheritance appears to be mvolved? 

20 * In a certam strain of Oldenburger horses, traemg back to the mare, Jelka, tho 
females of the line regularly produce only half as many male offsprmg as female 
offsprmg What genetic explanation can you suggest for this? 

21 * In cattle, the polled condition is dependent upon a dommant factor (P), the 
horned condition upon its recessive allele (p) In the Dexter Kerry cattle tho short- 
legged (Dexter) condition is dependent upon a dommant lethal factor (D), the long- 
legged (Kerry) condition upon its recessive allele (d) Suppose a Dexter bull homo- 
zygous for polled were mated to a horned Dexter cow Wiat kinds of calves could 
they produce, and m what proportions? 

22 • Suppose two polled Dexter ammals were mated and produced a horned Kerry 
calf What would bo the genotypes of tho parents? 

23 * Wiat kinds of offspring would be expected from the mating of two horned 
Kerry animals? Two horned Dexter animals? 

24 Note — Assume that in man tho difference on skin color between Negro and 
white IS duo to two pairs of factors, that 4/1 BB is "black" and oo bb "white”, and 
that any tlirco of these factors produce "dark” skin, any two, "medium”, and any 
one "light ” 

^Vhat will bo the skin color of tho offspring from a mating of wluto with black? 
Irom a matmg of two individuals genotypically like these Fi offspring? 

26 Wiat aro tho genotypes of the parents m the tw o followang matings of Negroes 
medium X hght, giving }i dark, medium, % light, H white, median X hght, 
giving medium and hght? 

26 * A variety of squash bcanng O-Ib fruits is crossed with one bearing 3 lb fruits 
The 1 1 plants bear lb fruits Among tho T* fruits there is considcrablo variation, 
but out of 200 such fruits there arc three w inch weigh as little as 3 lb , and three w Inch 
Weigh G lb How many pairs of factors arc responsible for the difference in weight 
between the two parent lines, and how much does each effecti\o allele contribute to 
tins difference? 

27 • llou many different homozygous str*uns buinng I-lb fruits could bo 
del clo|)cd? 

28 • A race of oats yicldmg 10 g per plant was crossed wuth a race yielding 1 g 
\KT plant The 1 1 plants jicldcd 7 g per plant Out of 253 Ft pi ints, four yielded 
as inmh os 10 g per plant and four yielded as httlo as 4 g per plant How is jield 
inherited ui the&c oats? 

29 • In the jircceding problem, how much does each clTecti\o alkJo contnbuto to 
>icld? 

30 • Two dilTircnt rices of corn each n\emgtng fiS m m height were cros.std 
llie /'i also iviragini 6S m m height In the It, howcicr, there w is consider ible 
\anntion, ringing from 3G to 100 in Out of 1,912 It plants, eight reached a height 
of 100 ui , and seNen wero as short as 30 in Lxplom thi-Mv n suits m terms of geiietio 
factors, assuming that tho eniironnient was held umilnr fur thise ]>Lanls 

Nutl — Color blindness and hemoplulia m man ore sex hnkid rccejouies. 
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3. Wh«t arc the gcnot>-pca ot the paroate m the follovriaB rabb.t crosac, 
fo) Colored X colored giro 3 colored and J “““t" Il.mnlavan 

(b Colored X ehmchilla pte M colored, f 
(e) ChmchJla X Himalajan give M chinehiUa, H Himalayan 

(d) Colored X Himalayan give K colored, H Himalajan 

(e) Chinchilla X Himalajan give K chmehllla, K Hlinaly . ^ parenla oI the 

4 What Hill be the phcnotjpe, as to blood groups, of oflHprmg P 

following genotypes for blood groups 

Aa X 
/la* X 
c^a X fl*a 

B If a person of blood group AB mames one belonging to group 0, nhat will 
*'‘%"Tnl"ot™g problem, on blood groups, dctomiino the geno- 
‘™0rp^e"up d and the other group B, but all four group, are represented 
amoug^he^eUten ehddtcn belong to group A and H to 

One parent rs AB and the other B, but of the chrldren H are A, H 

9 In the two following cases of disputed paternity, determine 4 

the child (a) The mother belongs to group B, the chrld to 0, one possible fatn 

and the Other to AB (6) the mother belongs to group B, the child to AiO, o F" 

hie father to A and the other to B , v av «i. sister JS 

10 In the choice of donors for blood transfusion, a patients brother ^nts 
often selected Would these be more likely to be successful donors if both p 
belonged to blood group AB or if both belonged to group 0? Explain i,j^cn 

11. If both parents belong to blood group AB what proportion of their c _ 
would be expected to be of such a type as to be able to give blood to „py 

12 Consult the chromosome map for Drosophila (p 357) and determine now 
dominant genes must be present in each chromosome to gi\ e the normal red eye c 

13 If a rose-combed creeper male is mated to a rose-combed creeper fema e 

produces a number of smgle-combed normal birds, what were the genotypes o 
parents? imkcd 

14 Note — In poultry, creeper is a semidominant lethal, barring a sex 

dominant what 

A cross of creeper, barred female and normal, nonbarred male would gi'6 
offspring? 1. 

15. cross of creeper, heteroz>gou8 barred male and creeper, nonbarred 
would gi^e what oSspnng? 

16 A cross of creeper, double-heterozygous walnut-combed, barred female 

normal, rose-combcd heterozj gous barred male would give what offspring? 

17 • ^ sex linked rcccssne lethal factor is known m poultr> IVTiat would be 
sex ratio of the offspring of a male, hctcrozjgous for the lethal, crossed with norm 
females? 

• N OTL — In this list the problems that are starred are taken from Sn> der, ‘ ^ 

pics of Heredity, D C IlcalhandCompanj, Boston, 1940, and are reproduced 

through the kind permission of the auUior and publishers 
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18. * In a certain series of matings between normal pigs, 38 oiTspring were born 
Of these 29 were normal, and 0 liad greatly swollen forelegs Tho latter lived only 
a few hours How could these results be explained genetically? 

19. * In tho Tzouracani alucp of llomuma, gra> mdmduala and black mdmduals 
arc foimd Tho black animals wlicn bred together give all black offspring Black 
mated to gray results m approximately equal ratios of black and gray lambs When 
grays arc mated together, approximately two-thirds of the offspring are gray, and 
one-tlurd black Wliat kmd of inheritance appears to be involved? 

20. * In a certam stram of Oldcnburgcr horses, tracmg back to the marc, Jclka, tho 
females of tho Imo regularly produce only half as many male offspring as female 
offsprmg I^Tiat genetic explanation can jou suggest for this? 

21. * In cattle, the polled condition is dependent upon a dommant factor (F), tho 
homed condition upon its recessive allele (p) In the Dextcr-Kcrry cattle tho short- 
legged (Dexter) condition is dependent upon a dommant lethal factor (Z)), the long- 
legged (Kerry) condition upon its recessive allele (d) Suppose a Dexter bull homo- 
zygous for polled were mated to a horned Dexter cow Wliat kinds of calves could 
they produce, and m what proportions? 

22 • Suppose two polled Dexter ammals were mated and produced a horned Kerry 
calf ^Vhat would be the genotypes of tho parents? 

23 * What kinds of offspring would be expected from tbo matmg of two horned 
Kerry animals? Two horned Dexter animals? 

24 Notx — A ssume that m man the difference m skin color between Negro and 
white os duo to two pairs of factors, that AA BB is "black” and ao bb ‘wluto”, and 
that any three of these factors produce "dark” skm, any two, "medium”, and any 
one “hght ” 

\Vhat Will be tho skm color of tho offspring from a mating of white with black? 
Trom a matmg of two mdmduals genotypically like these Fi offspring? 

26 What are the genotypes of the parents m the two following matings of Negroes, 
medium X light, givmg dark, % medium, % hght, H white, median X hght, 
giving H medium and ^ hght? 

26 * A variety of squash bearing 6-lb fruits is crossed with one bearing 3 lb fruits 
The Fi plants bear 4^ lb fnuts Among tho Fj fruits there is considerable variation, 
but out of 200 such fruits there are three which weigh as little as 3 lb , and three which 
Weigh G Ib How many pairs of factors are responsible for the difference m weight 
between the two parent lines, and how much does each effective allele contribute to 
this difference? 

27 * How many different homozygous strams bearmg 4-lb fruits could be 
developed? 

28 * A race of oats yieldmg 10 g per plant was crossed wnth a race yielding 4 g 
per plant Tho Fj plants yielded 7 g per plant Out of 253 F 2 plants, four yielded 
as much as 10 g per plant and four yielded as httic as 4 g per plant How is yield 
Uihenttd m these oats? 

29 * In the precedmg problem, how much does each effective allele contribute to 
yield? 

30 * Ti\o different races of corn each averaging G8 in m height were crossed 
The Fi also averaged 63 m m height In the Fs, however, there was considerable 
variation, ranging from 36 to 100 m Out of 1,942 Fj plants, eight reached a height 
of 100 in , and seven w ere as short as 36 m Explam these results in terms of genetic 
factors, assmning that tho environment was held bunilar for these plants 

Notl — Color blindness and hemopluha m man arc sex linked rectssivcs 
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31. A girl ol normal iJ^ion ^iLosc father was color-blind mamcs a man of normal 

\Tsion, i^bose father \sa 3 also color blmd \Mmt t>pcs of -vision vvaU be expected 
in their oflspnng? , 

32. K color blind man marries a woman of normal \asjon The> have sons ana 
daughters, all of normal vision and all of w bom marrj normal persons AMicrc among 
the grandchildren ma> color blindness be expected to appear? If there are cousin 
marriages among these grandchildren, where among their offspring maj color hlind- 
ness be expected to appear? 

33 \ man and woman, both of normal vision have (a) a color blmd son who has 1 
daughter of normal vision (h) a daughter of normal vision w ho has 1 color-bhnd and 1 
normal son, and (c) another daughter of normal vision who has 5 sons, all normaL 

hat are the probable genotj pes of grandparents, children, and grandchildren? 

34 A brovvn-ejed woman with normal vision whose father was color-bhnd and 
blue-ejcdmamesaman who iabluc-c>cd and of normal vision, ^\^lat offsprmgmay 
this couple expect as to eje color and vision? 

36. A man (A) vrith hemophilia mamcs a normal vroman (B) Their daughter 
(C) mames a man (D) with hemophilia and produces 2 sons, 1 (E) with hemophilia 
The normal son (F) mamcs a woman (G) whose paternal grandfather (H) has hemo- 
philuvbut whose parents (I and J) were apparently normal ^"hat are the genotypes 
of all the individuals concerned? 

33. A man’s maternal grandmother had normal vision his maternal grandfather 
was color-blmd, his mother IS color-blind, his father is of normal vision What are the 
genotypes, as to vision, of the two parents and grandparents mentioned? liMiat t)T>o 
of vision has this man hunself? \Miat type have his sisters? If he should marry » 
woman genotypically like one of his sisters, what type of vision would be expected 
in the ofispruig? 

37. The mother of a nghb-handed hrown-ejed woman of normal vision is right” 
handed, bluo-ejed, and of normal vision, and her father is left-handed, browm-ejed, 
and color blind. This woman mames a man who is left-banded, brovvn-ejcd, and of 
normal vision whose father was blue-eyed What chance will the sons of this couple 
have of resembling their father phcnotvpically? 

38. What effect on the sex ratio would a recessive sex linked lethal factor have lU 
man? 

>OTE —Barred plumage m poultry is a sex linked dominant 

39 In poultry, if a nonbarred cock is crossed with a barred ben, and an Fi female 
from this cross is mated with her father and an Fi male with his mother, what will be 
the appearance of the offpsnng of these fast two crosses, as to barring? 

40. A single-combed barred cock crossed with a walnut-combed barred hen px»>' 
ducca the following offspring 


4 rose, barred males 

5 walnut, barred Tna 1 .»g 

2 rose, barred females 

3 rose, nonbarred females 
2 walnut, barred females 

2 walnut, noobarred females 


are the genotypes of the parents? 
i, higli egg lajmg to b 

which, 3f, 13 sexdmked ami the other, L. not s 


determined by two factors, one oi 
X linked k breeder has two high- 
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producuig hens and five males of unkno^vn genotypes Each hen is bred to each male 
^\ith results as follows 

Hen 1 X male 1 gives high, ^ medium, and K low layers 

Hen 1 X male 2 gi\e3 high, ^ medium, and low 

Hen 1 X male 3 gives K high, ^ medium 
Hen 1 X male 4 gives ^ medium, }i low. 

Hen 1 X male 5 gives ^ medium, H low 
Hen 2 X male 1 gives high, K medium 
Hen 2 X male 2 gi\cs }i high, K medium 
Hen 2 X male 3 gives ^ high, K medium 
Hen 2 X male 4 gives alt medium 
Hen 2 X male 5 gives all medium 

Wliat are the probable genotypes for fecundity of these seven birds? 

From Mhich of these 10 crosses would you be most hkcly to get the best males for 
producing high laying hens? 

42 Note — 'White eje in Drosophila is a scx-lmked recessive 
In Drosophila, if a white*<iyed female is crossed with a red-eyed male and the 
r-> allowed to interbreed freely, what will be the appearance of the Ft as to eye color? 

43, In Drosophila, if a homozygous red-eyed female is crossed with a white-eyed 
male and the T* allowed to mterbreed freely, what will be the appearance of the T* 
as to eye color? 

44 In Drosophila, vestigial wmgs (t») are recessive to the normal long wings (7), 
and the gene for tlus trait is not m the sc\ chromosome If a homoz>gous white, 
long female is crossed mth a homozygous red, vestigial male, w hat wall be the appear- 
ance of the Fj? Of the Fa? Of the offsprmg of a cross of the Fi with each parent 
type? 

46. In Drosophila, two red-eyed long winged flies when bred together produce the 
followmg offsprmg females, red, long, H md, vestigial, males, red, long, 
white, long, red, vestigial, H white, vestigial 

Wliat are the genotypes of the parents? 

46 In Drosophila, a cross between bar-ejed female and wild-type (round-eyed) 
produces only bar-eyed male and female in the Fj Wild type female crossed with 
bar-eyed male produces bar female and wild type male Explain the inheritance of 
bar eyes and predict the appearance of the Ft from each of these crosses 

47. If a white-eyed jjondis;unctional ftinalc Drosoplula, (Xr)(Xr)Y, la mated to 
a red-eyed male, what kmds of offsprmg may be expected as to sex and e>e color? 

48. A factor I m Drosoplula os recessive, lethal, and sex-Iinked If female LI is 
crossed with a normal male, what should be the stx ratio of the progeny? 

49 In Drosophila vermihon eje color is recessive and sox linked In exceptional 
cases \ermihou feniilo crossed with normal male produces, in addition to the usual 
vermihon nuilo and red-ejed female, a few xcrimhon ftmalc and red male Explain 
this result and predict what classes of offspruig should appear when the \crniilion Ft 
ftmalts from abo\o are crossed with red-ejed inaks 

60 In Drosophila jUlow body color (y) is sex linked and rcecssixc to the i,riy (E) 
bodj of tho wild fly 

If a yellow female is crossed with gray mole, and (o) if an Ft female from this 
cross IS mated with her father uul (6) an Ft male mated with his mother, what will 
bo the upi>carauco of tho offsimiig of these lost two crosses os to l>odj color? 
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51 If a hen that undergoes sea VrSo 

reversed hen nere barred, nlert »<.n,d be the appenrnnee of her 
offspruig w hen bred to a nonbarred htn? a nonbald w oinan whose mother 

• \ bald man whose father waa not bald mam the factors for 

characters? » » «nnK<»ld normal visioned woman 

64 • A nonbald, normal visioned man t„,ds of offspring 

nhose father Mas color blind and nbose mother nas bald 

may they bale, and m iihat proportions? t-ia a son and a daughter 

56 . A nonhald man marnes a nonbald iioman TOey ha^o - ,5e 

At the age of tliirlj five the son becomes bald ttTiat are tne 
daughter ivill also become bald because of her and n bite IS 
66 • A rod and white Ayrshire cow iihose mother lias "“ho^ ) . ^ „„ tte 
bred to a red aad white Ajrshue hull >' f “le, what are the 

chances that it will bo mahogany and white? If the calf is . gt^r 

chances that it w lU bo mahogany-and whibs? Tha u a wx mfl 

B7 • Outlmo tho breeding procedure necessary to establish a homoz>g 

an> and white Ayrshire herd . . vi .v « \,r.mosveou8 red and 

68 * Outlme the breeding procedure necessary to establish a homozyg 

white Ayrshire herd , -„,i the horned 

69 Nora — In sheep, white fleece (H ) is dominant o%cr black (w) . 

condition (fc) is dominant over the hornless (i/) in males but ° ^ cw e 

If a hpmozygous homed, white ram is bred to a homozygous horn > 
what ivill be the appearance of the Ft and F, as to color and ^lorns? ^^.nnnB 

60 Ahomed black ram bred to a hornless white ewe has the following offsp^S 
Of the males \i are homed whit* M horned black K hornless w i « _ ^ 

hornless black Of the females are hornless black and H hornless, w ml 
are the genotypes of the parenU? , 

61 * How many times in famihes of fi\c would you expect four Dojs 

Four girls and a boy? Five girls? , *1 „ child 

62 • In a certain family there are six girls \\ liat are the chances of the 

bemg a boy? efat* of 

63 * In human beings deaf mutism ma> be the result of the homozygous 

either or both of two recessive factors d and e Normal hearing results only w en ^ 

dominants D and E are present When both parents are Dd Ee how many im 
famihes of two would you expect two deaf children? , ^ 

64 * ^^'here both parents are DdEe how many times in famihes of four wo 

expect three normal children and one deaf child? their 

65 * Two normal parents produce mi albmo son ^\^lat are the chances tha 

next child will be a normal girl? , 1 , r is 

66 • In Shorthorn cattle, the factors for red and white are alleles but nei 

dominant the heterozygous condition resulting in roan Twins are bometimes 
in cattle It twins are bom m crosses between red bulls and roan cows bow o 
should both twins be roan‘s * 

67 • In poultry feathered shanks arc the result of either or both of the 
factors F and S Unfeathered shanks are the result of the double recessive condi lo 
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In crosses where both parents arc F/5s, how many times in families of three offspring 
would all be expected to have feathered shanks? iUl three unfeathcred shanks? 

68. * If one parent were?'’/ vSs and the otlier^ ss, how many times in families of four 
offspring would you expect one feathered-shank bird and three unfcathcred-shanked 
birds? 

69. * In poultry, the factors for black and for splashcd-whitc are alleles but neither 
is dominant, the heterozygous condition resulting in blue (the Blue Aaidalusian), 
A pair of Blue Andahisiaus are mated, and the female lays two eggs, ^^^^at are the 
chances that both eggs wall hatch out Blue Andalusians? 

70. * If three eggs arc laid by the bird mentioned in Prob. 69, what are the chances 
that all three eggs will hatch out Blue Andalusians? 



CIIAPrUR XIV 

THE PRINCIPLES OF HEREDITY {Conimucd) 

Thus far uo have btud.cd various types of 
if certain charictcra More dependent on one pair of 
those genes Mere in an autosomal chromosome 
chromosome, sometimes the gene Mas a dominant or a recess 
sometimes the manifestation of the character Mas mnuenced hy the^ 
of the individual We also discovered that the gene may ““ 
just two altornativo forms, that there may be three or many m t. 
m a senes of multiple allelcb ..u„«f.oufely. 

In addition, iie have studied the behavior of U o genes 
both in eases Mhcro each pair of genes was responsible for the p 
of a separate character and those m which the two pairs of gc 
on only one character In the latter cases, we met many exccpti 
the general dihybnd 9 3 3 1 ratio due to various tjpes of cpibw , 
and we also learned that lack of dominance m one or both pairs or g 
can change this ratio If, however, each of two pairs of 
development of a certain separate character, or m some eases (fig 
pattern in poultry) both act on the same character, if there is domma 
between the members of cacli pair of genes, and if the pairs of genes a ^ 
located m different chromosomes, then the F t w ill give the usual 9 

ratio If instead of mating two Fi's (/la Bl>) to get the Fj we ma cw ^ 

IS termed the bacl cross by mating an Fi {Aa Bb) to the double 
(aabb), then we would get equal numbers of four different pheno yp 
types according to the following diagram 


Fi (Aa Bii) germ cells I 

1 1 

1 Ab 1 

1 aB 

ab 

Double recessive (aa ('(') germ cells ab 

1 Aa Bb 

1 Ao bb 

1 aaBb 

aa bb 


Because each chromosome consists of scores or hundreds of genes, J 
logical to suppose that we might sometimes be dealing with two pairs 
genes that are located in the same chromosome In such a case the gene® 

would not assort independently, although the chromosomes wou 
Genes located m the same chromosome show varying degrees of liokag® 
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Linkage. — In working with sweet peas in 1906, Bateson and Punnett 
made a cross involving purple flowers and long pollen grain in one parent 
and red flowers and round pollen grains in the other. Because crosses of 
purple and red had given a 3:1 ratio in the F 2 (purple being dominant) 
and crosses of long and round pollen grains had likewise given a 3 : 1 ratio 
in the Fi (long pollen grains being dominant), it was expected that the 
Fa of the purple, long crossed with red, round would thus give a ratio of 
9 purple, long:3 purple, round:3 red, long:! red, round. Such, how- 
ever, was not the case, for out of 0,952 flowers 4,381 (instead of the 
expected 3,910.5) were purple, long; 390 (instead of 1,303.5) were purple, 
round; 393 (instead of 1,303.5) were red, long; and 1,338 (instead of 
434.5) were red, round. Combinations of the two genes that had gone 
* into the hybrid together (purple and long from one parent and red and 
round from the other) were much too numerous in the Fa. Actually 
there was a total of 6,169 of these two classes where only 4,345 had been 
expected. Bateson and Punnett called this feature coupling, and its 
opposite, where a dominant and a recessive were supplied by each parent 
(purple and round and red and long) and still too few of the new types 
appeared in the F^, Tcpulsion, these of coume being different aspects of the 
same problem. 

Facts like these stood out as exceptions to Mendelian inheritance until 
1910 when Morgan and his coworkers at Columbia University discovered 
the basis for these phenomena from-tlieir work with Drosophila and 
coined the term that describes them, linkage. If two genes with recog- 
nizable end products are in the same chromosome, they will, of course, 
have more or less tendency to be inherited together. 

In Drosophila, if a cross between a wild-type (gray) body color with 
long wings and a black body color with vestigial wings is made, the Fi 
all have gray bodies and long wings, for these patterns are dominant to 
black and vestigial. If a male of this Fi hybrid generation is mated to a 
black, vestigial female, we would expect to get some gray, long; gray, 
vestigial; black, long; and black, vestigial offspring. If the genes for 
these characters were in different cliromosomes, we would expect equal 
numbers of the above classes. If they were in the same chromosome, 
we would expect to get more than 50 per cent of the grandparcntal types 
and less than 50 per cent of the new combinations. Actually, in this 
case, wo get 100 per cent of the grandparcntal types and 0 per cent of new 
combinations. In other words, these genes remain completely linked 
when tested by this backcross. 

The backcrobS to the double recessive is used, to determine Ihc sort of 
germ cells that the Fi dihybrid is producing, because tliere is nothing in 
the double recessive to hide what is going on in the dihybrid. 
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The usual system of notation uhen <>“'"’8 "'f' Tn'dlTtirr 
to use the plus sign for uild-type genes (usually dominant) and a 
fm the muLted gene In the above the -Nation aj icab^n lh 
independently assorting genes, eg.GGLL for a gray-bodi B S 
fly cannot be used because no know from the genetic 
gLs for gray body and long wings arc m the same “““ “ , 

therefore, belong together We could write the genetic make-up of s 
a fly (GL)(GL), but it is more convenient to write it i-'t'/’t-T vf 
sign standing for the wild-typc genes) 

Thus a diagram of the abo\o cross would be written 

p .'b'b V 2? 

* ++ flf 

gray, long black, vestigial 

F._r 

gray, long male 


and the backcross of an Ti male to the double recessive 


+ + 


x2i . 



C ;roy black 
one Ncstigial 
50% 50% 


Crossing Over — Wo have just seen that the backcross of a dihy r' 
gray-bodied long winged male, to a double recessive blac , 

vestigial female gl/gl, gives only two sorts of ofTsprmg, H them being 
gray, long + + Igl, and Yz black, vestigial, gl/gl, because the linkage o 
the G and the L genes and the g and I genes m the dihybrid male w as 
complete 

However, if we take a dihybnd female with gray body and long wingSj 
-\ — /gl, and mate her to a double recessive male, gl/gl, w e w ill secure four 
kinds of offspring instead of two vtz , gray, long, black, vestigial, blac , 
long, and gray, vestigial The reason for this evidently is that there has 
been crossing over between the loci for body color and length of wings, 

as illustrated in Fig 102 The end result is that the genes G and L and ? 

and I in this female dihybnd usually stay together but occasionally 
through crossing over get into the new combinations of G and I and g 
and L or +l and j-f 

T-he following schematic diagram shows the manner m which the new 
gene combinations are formed We have learned earlier that the pairs ot 
homologous chromosomes come to lie side by side during the early stages 
of germ cell production m the process called synapsis In the early stages 
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of synapsis, each member of each homologous pair of chromosomes repro- 
duces itself so that the pair of homologous chromosomes becomes two 
pairs of closely associated sister chromatids. Crossing over, or the equal 
interchange of blocks of genes in sections, apparently takes place between 
two nonsister chromatids after the two chromosomes have become bundles 
of four chromatids. In other words, crossing over involves two chrom- 
atids rather than two chromosomes. 

In mitosis, or somatic cell division, the chromosomes shorten and 
thicken and arrange themselves in the equatorial plate (prophase). They 
next split or reproduce themselves 
(metaphase) so that each chromo- 
some is now double. The mem- 
bers of each exactly similar 
doublet now start to move to 
opposite poles of the cell (ana- 
phase). Finally the migration is 
complete (telophase), and the cell 
wall constricts, forming two cells 
exactly like the parent cell. In 
other words, in mitosis the 
chromosomes appear in the diploid 
number of paired threads. In 
meiosis, or germ-cell production, 
however, they appear as the 
haploid number of paired threads. 

This latter feature is due to 
synapsis, or conjugation of the homologous chromosomes, which is specific 
in that all the allelic genes arc attracted to each other and come to lie 
side by side in a regionally specific fashion — gene A with A or a, gene B 
with B or b, etc. 

In the earliest prophase stago of meiosis, the chromosomes arc strung 
out into long unpaired threads in the diploid number (Icptotcnc stage). 
They next arc attracted into homologous pairs (zygotene stage or synu|>- 
sis). They ne.\t split or reproduce into bundles of four chromatids, t\\o 
from each chromosome (pachytene stage). J’inally in the liust stages of 
prophasc (diplotenc, diakinesis) they sliow chiasma as the paired chrom- 
atids begin to open out. During these four stages the chromosomes have 
been shortening and thickening. 

Each group of t\\o sister chromatids is held togctlicr by an unstaining 
portion of the chromosome called a centromere. These centromeres 
api>car to repel each other, and, ns the bundle of four chromatids l)egind 
to bo drawn apart by the retreating centromeres pulling each p.iir of 



Fi female dih^brid 

Flo. 102. — Schomaiio crossing over between 
loci for body color and wing Icngtli. 
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t.„ Mstor clironutiih Crornud from o..o — _-omO to oppo,.^ 

dong 11.0 plnno of conjugd.on, Uo ^ clnnMnn 

ippc It to bo crov^cd, Ihi c orti ta 1« b j Uirurost'ds 

Ihcsocrc^s u-c ippirtnlb “/'V" “ 'ml be 'o.nmg .dl icl.od lo 

brenkmg ot the or.t,in d point of tl.c eh 

tin. remaining porlnm of one of the roe i 0 chromatids 

chromatids and the rein lining portrona j p.g Ift! 

thomscUcs uniting into a uhole chroui itid na b colitaininS 

It lb obvious that, if crossing over took pt tec m r> ^ 
the diroraoaomcs di igr uned m 1 ig KW. ^ r cliiI of 

bers of GL. Gi, gL, and gl gonn cdls and .ouUl a-ovmUo ^ 
crossing over Such a situation could not bo J'" .I’d hnona 

from nidepondent assortment Aetu dij such v -it mt o per 

Ihc grcatcbt amount of cro^^mg o\cr >cl found imo cross 

cent, Iho least, 0 pee cent os dlu.lnitcd earlier lu the Dro^op 



Tio 103 — D agram of cl loamiiftt a '<^'•“"'*'8 cttnwii B *ictw wn 0 o 

L lUu# result ng m Iho provlucuon ol germ cell* col tan igCL ul (?e< • • ^ 

involving the use of a GL/gl male on pl/sl femdes, from 'whic 
GL/gl and gl/gl oHspnng resulted ^ ^gioa 

It has been found that the number of chiasmaUi at anj jo3 

13 about t\Mce the amount of crossing o\cr Again referring uo 

if %\e were considering 100 sets of these chromosomes anu 
chiasma m 80 of them, all these resulting germ cells ^\Ould ^ 
original combinations GL and gl Five other 20 per cent a'OU 
cbiasma but 2o per cent of the resulting germ cells ^\ ould Ql 

and 25 per cent gl whereas the other 50 per cent (of the 20) 
and gh (25 per cent of each) In other words, there were 20 pc 
of chiasma to but 10 per cent of crossovers Crossing over tahes P 
between only two of the four chromatids m something less than 1 
cent of the possible cases and always between two nonsister cbroni 
Crossover percentage of course is obtained by dividing 
number of crossovers by the total population Morgan gi'Cs ^ 
others the following instances of crossing over in Drosophila 

1 Morgan T H The Phya cal Bae a of Heredity pp 87 8S J ^ ‘ 
Company Ph ladelphia 1919 
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Vhen a black fly with vestigial win^ is crossed to a wild-type (^^gray”) fly 
li long wings the offspring are, as we have already seen, gray, long. If one 
;he females is faack-erossed to a black vestigial male theie are four kinds of 
ipring produced; viz., the two original combinations, black vestigial, and 
y long; and in addition two recombinations of these; viz., black long, and gray 
tigial. The two latter classes are called the crossover classes, or, more briefly, 
ssovers. Tlie percentage of crossovers is definite for a given stock, of ji given 
I, and under given environmental conditions. In this case the percentages 
as follows: 


Non-crossovers 
Black vestigial Gray long 
41.5 per cent 41.5 per cent 
83 per cent 


Crossovers 

Black long Gray vestigial 
8.5 per cent 8.5 per cent 
17 per cent 


[f a pair of chromosomes in the F\ fly is represented as carrying the genes of 
f characters here involved, one member of such a pair carries both a gene for 
-ck and a gene for vestigial; the homologous member of the pair of chromo- 
nes carries both of tlie normal alleles; viz., a gene for gray and a gene for long 
igs. When crossing over takes place so that a gene for black goes over into 
J other chromosome, the converse phenomenon takes place, a gene for gray 
Bs over into the chromosome that gave up its black gene. It is the constancy 
this interchange that makes the phenomenon reducible to exact mechanical 
‘atment. 


Using the usual notation, we would have, in this last cross of an Fi 
male from, a gray, long crossed with black, vestigial mated back to a 
lublc-rcccbsive black, vestigial, the results indicated in the following 
agram. 


X 


±± 

tay \ 

loug^ 'S vestigial 

Fi, -ip female X ^ = backcroas 


gl 
'Clack, 


F i germ cells plus doublc-rcccssivc germ cell, 




numbers, 


Sra/f 

long 

11.5% 


gl £± 

Si gl 

black, black, 
vestigiiil long 
41.5% 8.5% 


±l 

gl 

vestigial 

8.5% 


noncrossovers crossovers 
Strength of linkage =» 83% Crossover percentago 


The reduction in the number of chromosomes in the germ cells is 
accompli.'shcd by the two niciotic divisions. In the first, the chromosomes 
writer synapbing become double through reproducing or splitting, cucIj 
« hromobomc forming two chromatids closely applied to each other. Thi.s 
bundle of four chromutid.s then bcpurutes along the plane of conjugjitiojr 
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(..tUp„s.blcc.o..ngover),t«oc.oso.y»ppM^ 

o e.ch secondary .perm.locylo or 

as the /,e(cre<yp;cd>v.s,on. X 

go through another cell diviMon at «h.ehl.mo one 

sister chromatids goes to each resu g ' aivisions the number 
,,„„o(yp.e division, and through these „t reeom- 

ot chromosomes is both reduced to one-halt and the possibility 
hmation of blocks of genes from the tno parents provide . ^ 

It IS readily seen in Fig 103 that J another 
nere located near the bottom of the chromosomes, and if 
appeared at point y, ne might have a repetition of the above-descri 



process ^^lth the result that genes GIC and gLc might be located in 
chromatids This >\ ould be a case of double crossing over, and, alt 
t^\o crossings over had occurred between G and C, they would sti ® 
the same chromatid, which makes it appear genetically that no crossi 
over had occurred between them Thus each case of double 
over hides tw o actual crossovers, and allowance must be made for 
fact in ascertammg crossover percentages involving situations oi 
sort j 

If, in any cross involving genes located m the same chromosome a 
thus showing various degrees of linkage, the crossover percentage 
found to be 20 per cent, the same fact can be stated by saying that i 
strength of the linkage is 80 per cent 

Under standard conditions the percentage of crossing over remains coo 
stant between any two pairs of ^ncs However, experimental work has 
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sbown. that a variety of internal and external conditions may affect this 
rate. Among these influences are sex, no crossing over in the male of 
Drosophila normally, although this can be induced in the autosomes by 
X-ray treatment; chromosomal aberrations such as the inversion of a sec- 
tion of the chromosome, translocations, etc., as well as gene mutations; 
and, in addition, age and temperatures. 

hluch of the study of crossing over is made by means of the back-cross. 
However, the Fz is sometimes used, and mathematical formulas have been 
devised for the interpretation of the results. 

If we were dealing wth a case that showed 20 per cent of crossing over 
between two genes AB and a6, then the ratios could he found by the 
usual checkerboard arrangements, as illustrated in Fig. 105. 



4 /IB 
(40%) 

1 A6 
(10%) 

1 aB 
(10%) 


4AJ3 

(40%) 

10 (AB) (AB) 

4 (A6) (AB) 

4 (oS) (AB) 




1 (A6) (A6) 

1 (oB) (A 6) 


1 aB 
(10%) 

4 (AB) (cB) 

1 (A6) (aB) 

1 (aB) (aB) 

4 (c6) (aB) 

4 ab 

m%) 



4 (oB) (q6 ) 

16 ( 06 ) (a6) 


Tio. 105.- — Checkerboard showing tho cxi>ccted coiiii>oj.ition of tho h'l from a cross between 
individuals difTcring m two huked genes which show 20 per cent of crossing over. Tho Fx 
ratio is GO ^b:0afi:10 ob. 


Cytologicol Proof of Genetic Crossing Over. — IVc have looked at tlic 
evidence that crossing over takes place, ^yc saw that a cross involving 
a gray-bodied long-winged female Drosophila of genetic constitution 
-f +/ 5 Z and a double recessive male gl/gl gave four types of ojTspring, 
gl/gl, A-l/fjl, and g+lgl, in the proportion of 41.5 per cent gray, 
long; 11.5 per cent black, vestigial; 8.5 per cent gray, vestigial; and 8.5 
per cent black, long owing to the supposed fact that crossing over betw eon 
these points occurred in 17 per cent of the germ cells of the female. To 
clinch tho matter or to establish this supposed fact, wc need cytologica! 
evidence that it actually occurs. 

Tld-s i.s difficult to gel because the chromosomes and their variou.s parf.s 
gener.dly lack tlistingJiishing mark**. However, Stern, working with 
Drosophila, and Civighton and McCHiitock, working with maiu*, ha\e 
furnished tliia proof. Stc«i found a .strain of Drosophila in which a jior- 
tiun of the Y chroino-oinc hud bcciibiokvu off and become attached to an 
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X chromosome. He found another stram m «hmh » p»rt.on of an X 
chromosome had been broken off and become attached to the IV etom 
some A cross betacen these two races gave bun a race in 
X chromosomes had distinguishing marks and could be diff 


P- I 

Par€rrh< 






Flu IOC — Diagram of Sterns ezpenment demonatrating crossing over 
Sco text for details {From biera after SwnoU and Dunn ) 


cystologically 


microscopically from all ordinary X chromosomes Stern now made uP 
a stock of flics that had the genes for carnation eye color and the bar ey® 
pattern m the upper end of the broken X chromosome and the gene fo^ 
red eyes and round eye pattern m the upper end of the X chromosome 
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with the attached piece of the Y chromosome, the led eye and the bar 
pattein being dominants 

Red eyed and bai-eyed females of the genetic constitution 
were then mated to males of the genetic constitution cr + i c , round eyes 
of carnation coloi in their only X chromosome (round being the wild- 
type eye shape but recessive to the mutant bar pattein) From this 
cross we would expect four types of females if ciossing ovei bct^\een the 
two pairs of genes for eye coloi and eye shape had occuried Stern 
secured the expected four classes of females, viz , carnation, bar, red, 
round, carnation, round, and red, bar The first class should have had 
the broken X chromosome plus a normal X from the male The second 
should have had one X chromosome with the attached piece of the Y 
chromosome plus a normal X from the male The third should have 
Iiad two normal X chromosomes, one from the male and the other as the 
result of crossing over between the two marked chromosomes of the 
female at a point between the two genes being considered, whereas the 
fourth should have had one normal X from the male plus a broken X 
chromosome with the piece of the Y chromosome attached to one of tho 
pieces ^ 

Tlicso arc the results which should obtain if there had been an interchange 
between tho two X chromosomes of tho mother at a point near tho upper end 
of tho X and between tlic locations of the cr and B genes Of the F\ female 
flas, 304 were tested by Stem and in all but 5 (and tlicso presumably tho result 
of expcnincntal error) there w is a complete correspondence between tho genetic 
and the cytological facta In other words, genetic crossing over was pro>ed to be 
accomp xnied by c> tological crossing over, on actual exchange of material betw eeii 
homologous chromosomes 

Lmear Order of Genes. — Wc have seen in the two preceding sections 
that blocks of genes or sections of homologous chromosomes sometimes 
inlcrcliangc their positions in the chromosomes so that new combinations 
of gtULS c in 1x5 formed, cv cu though the genes controlling these characters 
arc not in sep irate chromosome pairs \Vc learned too that tlie percent- 
age of the crossing o\cr can be easily ascertained by dividing the total 
trobsoiers bi' the total population 

Xow, if wo assume that the chromatids aro as likely to form chiisma, 
withresuUmgmterchunge, at one point usatanotlur, tlien the iicrtcut igc 
of crovjing o\cr can be t ikeii w the me laiirc of tlie dist ineo between tho 
genes being stuiheil For, if eroshing o\er i'» us apt to occur it ono point 
IS at .mother then tin re will be I<m likelduKKi of i hn ik cxturniig 

• n o liar-cjLNl luut ill m •» dumniiit 

‘ S|SN ITT, I iiuesD \ , an t De^^, C, l‘nnrij>|»'» ut Otiuiuji, J-l c<l , p 

IkxiV Iiir Neu 1 'U ' 
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X chromosome. He found another strain m n inch a P°^°" ° ^ 

chromosome had been broken off and become attached to the IV cl 
some. A cross between these Horaces gave hm a race 
X chromosomes had distinguislung marks and could bo diff 


P- I 

ParenhA 




GameiO’. 

genesis 


No Crossing-over 


Crosslng^over 


, if 'If 

' t f "f'f ’ 


1l 



Fia 100 ■ — Diagram of Stern b experiment demonstrating crossing over cystologica^^y 
See text for details (.From Stern after StnnoU and Dunn ) 


microscopically from all ordinary X cliromosomes. Stern now made up 
a stock of ilies that had the genes for carnation eye color and the bar e>® 
pattern in the upper end of the broken X chromosome and the guu® 
red eyes and round eye pattern m the upper end of the X chromosoiu® 



THE PRINCIPLES OF HEREDITY 


373 


with the attached piece of the Y chromosome, the red eye and the bar 
pattern being dominants. 

Red-eyed and bar-eyed females of the genetic constitution cr5V+ + 
were then mated to males of the genetic constitution cr -h i.e., round eyes 
of carnation color in their only X cliromosome (round being the wild- 
type eye shape but recessive to the mutant bar pattern). From this 
cross we would expect four types of females if crossing over between the 
two pairs of genes for eye color and eye shape had occurred. Stern 
secured the expected four classes of females, viz., carnation, bar; red, 
round; carnation, round; and red, bar. ' The first class should have had 
the broken X chromosome plus a normal X from the male. The second 
should have had one X chromosome with the attached piece of the Y 
chromosome plus a normal X from the male. The third should have 
had two normal X chromosomes, one from the male and the other as the 
result of crossing over between the two marked chromosomes of the 
female at a point between the two genes being considered, whereas the 
fourth should have had one normal X from the male plus a bioken X 
chromosome with the piece of the Y chromosome attached to one of the 
pieces.^ 

These are the results which should obtain if there had been an interchange 
between the U\o X chromosomes of the mother at a point near the upper end 
of the X and bot^^ecu the locjitions of the cr and B genes. Of the Fi female 
flics, 364 were tested by Stern and in all but 5 (and tliese prcsunmbly the result 
of experimental error) there was a complete correspondence between the genetic 
and the cytological facts. In otlier words, genetic crossing over was proved to bo 
accompanied by cytological crossing over, an actual exchange of material between 
homologous chromosomes. 

Linear Order of Genes, — Wc have seen in the two preceding sections 
that blocks of genes or sections of homologous chromosomes sometimes 
interchange their positions in the chromosomes so that new combinations 
of genes can bo formed, even though the genes controlling these characters 
are not in separate chromosome pairs. We learned too tliat tlic percent- 
age of the crossing over can be easily ascertained by dividing the total 
crossovers by the total population. 

Now, if wc assume that the chromatids arc as likely to form chiasm 
w ith resulting interchange, at one point as at another, then the pereenta 
of crossing over can be taken us the measure of the distance between 
geue.s being .studied. For, if crossing over is a.s apt to occur at one • 
lui at imotlier then theru will be Icss likeliliuutl of a break occui^^^^ 

• rho liar*c) rtl mut Atinn Lh'Iiso « a aa » ilommuit. 

*Sis.si>rr, UuMUM) X., aad Duns, C., “I’rincipU-a of Inneljc-*,’' 3,1 ,.^1 
.McGraN^.HiU lUwk C^miwiiy, Jar , Xew York, 103U. ■' ^22, 
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between t.o closely spaced genes than between tno ...ore tudely spaced 


Tor eeumplo, it has been found by Morgan and bis j„tc 

crossover pcicentago between the genes for jellow ^ ' 55 „ 

eyes IS 1 5 per cent ind that between white eyes and " ‘"S “ “ 
cLt rurtber crosses im olving yellow body color and b 

a crossover v slue of 7 0 per cent Now the simplest " 

results IS that these genes he in a stniigtit line, f [ 

configuration w ould explain the results equally w ell It, therclo , 
know that three genes arc in the same chromosome, because th y 
linkage, and breeding results show that the crossov cr pcrccntag 
genes A and B is 5 per cent and that between B and C is 10 per cen , 
we can predict that the crobsover percentage between A and ^ ' 
either 15 per cent or 5 per cent It will be cither the sum or ic i . 
of the two already ascertained crossover percentages, depending on 


side of B gene C happens to be 



Fia 107 —Locating gene C when cro 8 so\er percentage between A anti B is B per cent and 
that between D and C la 10 per cent 

The above procedure m locating genes in a line on the basis of cross 
over percentages holds good only when we are dealing with genes 
fairly close together, for, if they arc far removed from each other, the 
may be double or multiple crossmg over that would becloud the actu 
situation On the basis of crossover percentages, some of tho 
somes m Drosophila are over 100 units long, and obviously we cou 
have more than 50 per cent of crossing over, m fact, never get as much as 
50 per cent 

Chromosome Maps — By means of linkage and translocation studies, 
genes can be located in specific chromosomes, and, on the assuroptJO*^ 
that crossing over is as likely to occur at one point as at another in 
chromosome, they can be located at definite points m the chromosome 
The unit of distance is taken as 1 per cent of crossmg over, so that, if geo® 
B shows 5 per cent of crossing over with gene A, it is placed 5 units aw»y 
from A Obviously genes that are 100 units removed from each other 
not show 100 per cent of crossing ofver Thus genes ‘ star ’ and “speck 
m the second chromosome in D mehuiogaster are 105 units apart on the 
maps (Fig 108) but show a crossover value of only 48 7 per cent because 
of double and multiple crossing over These long distances between 
genes are arrived at by summatmg the crossover percentages of genes 
lying fairly close together between the widely separated genes 
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The recent work with the giant sahvary-gland chromosomes of Dio- 
sophila has afforded the opportunity of making cytological maps of the 
bands that are or contam actual genes The correspondence between the 
order of the genes m the genetic or ciossover maps and the cytological 
maps IS perfect Ho^veve^, there appear to be discrepancies m the actual 
distances secured by the two methods ^ 

The discrepancies are greatest at the centers of the two large autosomes and 
at the nght or “bobbed” end of the X chromosome In these regions one cross- 
over unit corresponds to a relatively much greater distance on the physical 
chromosome than m other regions It happens that these are the regions of 
spmdle-fiber attachment, and it is evident that m these places the frequency of 
crossmg over per unit of chromosome length is low Moreover it appears that 
no less than one-third of the whole length of the X chromosome, at the spmdle- 
fiber end, is inert m the sense of contaimng practically no known gene loci (only- 
bobbed near the end) and veiy little crossing over occurs m it The crossover 
distance fiom tlie locus of carnation (cr) to the end is only about 7 umts (10 per 
cent of the genetic length), yet this region comprises over 30 per cent of the 
inetaphaso chromosome Near the spmdle-fiber attachments of the II and III 
chromosomes thcie are also inert regions It seems clear then that the unit of 
measure m the crossover maps is a vanable one and that the amount of crossing 
over in any region is related to its proximity to the spmdle-fiber attachment and 
to otlicr regional pccuhanttes m the chromosomes 

By studying vanoua imcrsions, translocations, deficiencies, and duplications 
in the e iluary chromosomes of flics with known mutant genes, P iinter, Bridges, 
Demcrec, and others have been able to specify the pliysical location of a number 
of genes A recent salivary map of the X chiomosome, compared iviUi the 
crossover map, is showoi m I xg lit Tho gene older is the same lu both, maps, 
and tho rcl itions between crossover values and physical distance vary as they 
do when the niehipliaso m.ip is used The mert region of the X appe irs ui tho 
salivary chromosome only is a few faint bands at tho spmdle-fiber end, and 
prob ihly consists, as does the Y chromosome, chiefly of hetcrochromatin, that is, 
chromatin wlucli docs not respond to tlic chromatin shuns used Ihus tho'>c 
portions tlut contam few or no mutant genes arc also structurally ddTcrent from 
tho gene-bc irmg portions 

In a few c iscs individual gene loci have been nlcntificd with mdiv idual b mds, 
suggesting th it these arc or contain the actu d genes 

The chroniosomo map of Drosophila is the most complete at present, 
but th it of the 10 chromosome pairs iii corn is growing ripidlv' Thesj 
m ips h ivc grown out of thousmds of breeding t\|>cnmc«ts .uid must !>« 
icknowh<lgcd is among the mast ingenious things the mind of nuiii h is 
over conlnvcsl 


* Pj/, pp 21^ 
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"71 dwarf CB) 
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5a6 epinelessCH) 

f SBl bWhopoxCS) 
*695 bithorojc'b 
,62 stnpeCS) 
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662 Delta CW) 
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1 lo 108 — LinkaRo map for Dro$oph{la mdanoQtultT, showing relative positions of , 

the known genes m the cliromoBomcs as deterouncd genetically. The letters in parontb^t 
indicate the portion of the fly in which the characters appear D, body , E, eye, 
ir, wings The arrows indicate positions of spindlo-attachinent regions In the 
nioBomc, “Long bristled,” which is the normal allelomorph of “bobbed," and the t 
factors for male sterility have not been precisely located. In chromosome IV tbs 8®" 
arc all very closely linked. [From 5Aarn, adapted from Morgan, SturlerarU, and Jirvig 
(1920) ond iiern (1929) 1 
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Interference and Coincidence. — We have seen that crossing over may 
t ihe place between two nonsister cliromatids at synapsis, which gives rise 
to lecombmations of genes, although tliey aie located in the same chromo- 
some, and that these crossover peicentagca are taken as the measure of 
the distance between the genes in constructing chromosome maps based 
on the assumption that the crossing over is as apt to take place at one spot 
as at another If two genes are very close together in the chromosome, 
they might show complete Imlvagc, t e , the chromosome might never 
break between them Likewise, if genes are very far apart, there might 
be two brealvs, or crossovers, between them, so that in spite of this they 
w ould still be in the same chromosome and appear as if no crossing over 
had occurred between them Therefore, the maps are built up on the 
basis of crossing over between genes that he relatively close together, up 
to 10 units 

With three pairs of genes Aj B, and C that uere located in the same 
chromosome we might get the sorts of combinations shoun in Pig 109 

T^pel TypeH TypeH TypeEf 

* 2 12 12 12 

A ‘a a| a Aj a A o 

B }b b| b b| B b B 

t i® ®1 C cj C C c 

Non Two types of Double 

crossovers sinale crossovera crossovers 

1 la 100 — DitiKraoi g single and double crossing u\cr 

Now, if we were studying the linkage relations between genes A and 
C, types I and IV abo\c would appear similar genetically because genes 
A and C and a ind c occur together It is c\ idcnt, therefore, that, if 
genes arc rclitivcly fir ap irt m the chromo''Omc, there will be more 
ictual cytologic il crossing over thm w apparent genetically, bccau'^* 
of double cro 2 >sing over, and that allowance must be made for tlus fact 
mathematically 

If brce‘<hng cvpcnmcnls had shown genes .1 and li (Pig 109) to liavc a 
eroesuv er \ aluc of 20 per cent and genes li and C 10 per cent, then w e w ould 
1 \peet th it genes A lud C w ould •jhow icro^soverv due of 30 i>er cent if no 
double cro^><mg over took pi lee Ilowevt r, geiicH I ind C irt firtnough 
npiirt so that iloublo erossuig over is po.>Ml)Ie uml wouhl infre()uently 
occur ^uc!i double croj->.ing over would Mill Ii vve gnus i tmi C iml 
a aiul c in tlie h.iine chrutuu?imies, tlio nr>t m irki-tl by tout lining genu 
ff, the 's.eoiul by coni lumig genu It, ••o tint i leli double crojsMng ovtr 
hubs or mxiks two uilual cru&.uverf If, linn, in the KicKcruJ Wi 
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71 per cent o£ t>-pe I, 

19p<!rcentoftjpeIII,smglecr^oven.,^t«eea dC ha^^toadd 

over, or 30 per cent Thus, uherr genes he relnt've^f^ apart 
chromosomes, the apparent amount of crossing over ^^•lU be less 
actual amount because of double crossmg over 

^^ow, r£ the break betueerr A and B occurs m 20 P;”“^*”Tre 
and betueen B and C m 10 per cent of the cases, “dd these br 
entirelj independent of each other, then thej should both occur 1 
or nr 2 per cent of the cases, for the lAehhood of two 
occurring at the same time is the product of the 
occurring separately We san, honeicr, that the break occurred 
places m only 1 per cent of the cases alK 

Varying degree® of less than expected double crossing over ^ 

secured That is to sa> , these breakmgs and crossings ov 
regions of the chromosomes are not mdependent cv ents but are m 
by each other so that if a break occurs between any two 5^'®“ | „ ^ 
c g , A and B, the likelihood of a break occurring between Ji ^ 

somewhat reduced A break at a given pomt in a chromo«ome pr 
the contiguous region from an> breakage This principle is 
as tnUrference If three genes lie very clo«e together m a 
some, we may get breaks between the first and second or betwee 
second and third pairs but never between both the first and sccon 
the second and third simultaneousl> , t e , no double cro®smg over 
a situation holds, for example, between the mutant genes yellow t ’ 
white (eyes), and bifid (wings) m the X chromosome of 
which show 1 5 per cent of croa»mg over between yellow and whi e 
5 5 per cent of crossing over between white and bifid Here,^ v 55 
events were mdependent, wc would expect both to happen m 1 o ^ 
or 0 OS per cent of the cases Interference is sometimes expre®seu 
coefiicicnt of coincidence, which is secured by dividing the 
portion of double croasovere by the expected proportion In the a 
case v\c would have 


0 

oooos ' 


' 0 the coincidence v alue 


A coincidence value of 0 means that interference is complete 
wispC a coincidence value of 1 would mean no interference or comP 
independence of crossing over between the two regions of the chro 
‘'omc In the other example cited earlier m this section, the actual p 
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portion of double crossing over was 1 per cent, the expected 2 per cent 
thus giving a coincidence value of 0 5 
Linutation of the Linkage Groups. — ^\Ve have now discussed si\ 
^lendclian principles, mz , segregation, independent assortment, linlvagc, 
crossing ovei, linear order of the genes, and interference There is one 
final principle to be added to this list known as hmilalion of the linkage 
groups In Drosophila melanogaster^ four linli.age groups are luiown, 
VIZ , a large group of se\-linlved genes located in the I chromosome, tw o 
large groups of autosomal genes in the large II and III chromosome pairs, 
and a sm ill group of genes located m the small IV cliromosome pair 


Tabif 22 — r rxKAGE cnour Relations 


Species 

Chromosome 

pairs 

Ivnovm hnkage 
groups 

Drosophila mclanofjasicr 

4 

4 

D xctUtiloni 

3 

3 

D pscudohscuria 

5 

5 

D iiriUs 

6 

1 ^ 

Com 

30 

■ 30 

Pea 

7 

1 7 

Tomato 

12 


Morning tlorj 

15 

1 12 

Mouse 


15 

Rabbit 

1 1 

' 11 


Ilicli new inut int in Drosopliil i has proicd to bo linked to other genes 
in one or another of these four p virs of chroino&omts Such fuKlings irc 
of cour-c b usic to the \ ilulitj of the fund imcntal llicory of chroraosonuil 
inherit UKc Olniou&h, if i fiftli group of genes were o\er dibeovcrcd in 
D uHlanojdAltr, tlio whole theor> of eliromosomcs and genea would h i\o 
to Ik* entirely re\iinipi.<l or di*«c inled 
Tiblu 22 vhows tlie hnkago-group relitioim m Mivcml •species 
Application to Farm Animals — 1 he fort going prineijihs of inhi ntuin e 
lu\(. U*i n worked out from breetluig e\j)triiiKnls with pi uitn, iiwets, or 
sin ill laboratory inimds 'Iht'K. '•|Kcies reprwlueo rapidly, hi\e* ! irgo 
numlH.rs of oilbpnng md anu imxjKiiMx^, to grow. Konc of Ihc-Kj thrtK 
ft ilim hoUU with our larger f irm uuin ds 

llio pniuip!(-> hi\i* Imhu Old ue Ining und, howe\tr, to explain 
V mou-i tjf mh« rtl utc\* in lh« lirgir farm iinmnn!*« Ip to tlm 

pi'-KUl, iu» eontraiu tioiH to « tblidit-*! priiuiplf^ !u%t Iwxn found. 
hluKjj^li ju in ui\ UL-it uiLi ihi, pnticipU-t mu-»t Ih. ipplnd ui ^.imril 
iul>r thii m >jKcitiL w»^*» LiifurtuxtitiK ui iht hi^lur Tiumd-* vt 
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have large numbers of chromosome pairs and “™Xfrsf S"ts 

all living forms gives the animal brecto a firm h.3 goal 

base his breeding operations At least the mam ro aehneated 

of beautiful form and efficient function are now 'f ““"g too 

and should prevent his choosing an entirely wrong road or taking 

many expensive and time-wasting detours ^Vim XI ' 

Genes and Development -It will be recalled 
listed three problems of genetics One of th^ had to d — osent 

nature of the genes, about which very little is hnown J od 

Another had to do with the modes of mhentanee jj,oh 

offspring with which the past three chapters have dealt and 
the three following chapters will be concerned The third prob 1 
was that of the manner m which the characters latent m the Hh 
became patent in the resulting offspring „ , j products, 

Thus far w e have talked about genes and about their final end prou 
oharaotera, without attempting to say how the genes finally “ . 

ovpreas themselves as they do, or, m other words, what tho 

IS between genes and chromosomes and expressed characters > 

pointed out that development results from the actions and mterao lo 
genes, cytoplasm, and environment, and that although certain 
known by some final character, there are often many other “““ 

developments as though this gene had one major and many minor e ' 

and, finally, that most characters depend on the combined interac lO 
many genes rather than on the specific action of one individual pa 

Wc know that the genes determine both the general 
an organism, i e , to what species it will belong, as well as its g 

characteristics We know too that all the nucleated somatic cells a 
identical sets of complete chromosomes and genes Although the ge 
might function at diflerent rates at different times, it seems obvious 
genes alone do not condition differentiation, but that we must m 
gene interactions, gene and cytoplasmic interactions, gene, cytoplas > 
and environmental interactions, as well as gene and cytoplasmic pro 
tions to csplain dc\ clopmcntal differentiation and development 
Smnott and Dunn have pointed out that size differences arc 

differences m amount of grow th and that these may be due to differe 

in size of the earlj embryo to differences in rate of growth, or to m 
enccs m durition of growth, all of them under gene control In anim » 
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growth depends on hormonal stimulation from the anterior pituitary, 
which has been shown m mice to have a genetic basis In several plants 
it has been shown that theie is a direct coirelation between the size of 
a very young ovary pnmoidium “embryonic capital” and the size of the 
eventual fruit, and in animals Gregory and Castle have showm that as 
caily as 40 hours after feitilization the embryos of a large race of rabbits 
are significantly larger than those of a small race The duration of 
growth accounts for the differences m size between dwarfs and giants 
of the same species, for the size of cells is approximately the same m both 
Likewise differences in shape or size of organs or parts are I^now^l to 
have a genetic basis, e g , comb shapes in fowl (rose, pea, walnut, smgle), 
fruit shape in squash (club, spherical, disk), length of legs in sheep 
(Ancon), and length of rabbit eais Here the genes influence the amount 
or differentiation of growth in parts or m one direction at the expense of 
another The reduced grow'th rates of legs and wings of creepei fowl 
have been shown by Landauer to be in evidence at the seventh day of 
incubation 

Kuhn and his associates found that color of various parts of the 
European floui moth was due to a dominant gene A, and Caspan showed 
that testes of the ^lA or ^la genotype transplanted to aa host not only 
retained their color but caused a certain amount of color to develop in 
the normally colorless aa host, and that colorless aa ovanes or brain 
transplanted to AA or Aa hosts took on color, due presumably to a 
hormone secreted by A tissues Similarly, through transplantation 
procedure m Drosophila, Beadle and Ephrussi have demonstrated a 
chain of two hormonal substances to be necessary for the production of 
the wild-typo red eye color Wright has offered a theory involving 
oxidizing enzymes to explain the color p itlcms m guinea pigs Melanin 
pigments arc known to be formed from colorless chromogens in the cyto- 
plasm Wright assumes two enzymes in the nuclei of cells capable of 
oxidizing ehroraogens to varj mg degrees One of these is assumed to 1x5 
necess.irj for the production of any color, and, when present alone, 
protUices rctl 'iho other, nonfunctional m the absence of the former 
ind producing no effect by itself, when present m the full amount together 
w ith the first, produces bl ick color, and in lesser amount produces brow n 
Cienes evidently control the presence and amount or ib-Mintc of tIiL‘-e 
tiizvines IS well is their potenej Mbini'-m is prcMiin ibh due to a hu k 
of the first enzjmc, and vunous modifying genes ifftel the exprission of 
the ‘s.cond enzjmc bomewhit conipirible theoras of lolor in pi mt 
have bexn proposid b\ beoU-Monent (T, Liwrenei., and ^\lleldlle 

Die work of Ik idle ind others* with the mold XcurosjMra is con- 
* PeAliu., O \S , Iltorhi luiral < tnctics, Cf*m Jtrf , 37 15- «>, li>l5 
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— “ ‘ rrs,:“i 


„r„duccd .s rcult of X r.>s It h.s Ijccn rf 

some of these mutants 13 limitcil m the absence o I 

thcB-complex tMien tlio tit .mm m nnestion 13 ^ 

occurs Some strains require pantothmic acul, „f 

niacin, and others are limited by th. im.n ribonav ili, 

this group It has been concluded that the inability of ‘ 

to grow in the absence of these specific v itamins is i s , ^ 

modification of specific genes nhich limits or inhibits the „ 

speeifio enzyme needed for the synthesis of the \itimni m 1 

Other mutants requires anousam.no acids l „ls and 

Ihe amounts of vanous genes hare been shonn m both pa 
animals to have a distinctive effect on certain characters m 
endosperm of corn is normally triploid, races can be made up con = 
none, one, tw o, or three of the dominant Y genes for > ellon color i ^ 
gelsdorf and Fraps have shown that these varying amounts of tn 
"“"e are directly correlated with the relative amount of v itamin A pre > 


genearoQireciiy correiaieu wiiH me .eiaw.v - . 

yyy endosperm having 0 05 rat units, Yyy 2 25, 1 Vy 5 00, and 


yyy «uuu&pwiiu uavinfe v vv^ .«v uufv.a, , ^ 

Dosago data are also available in Dros.opbila, where the gene si, 


(bristles and hairs removed), m the IV chromosome can ^ 

haplo-lV form (only one of the IV chromosomes prcMint), as well as 
normal diplo IV (two IV chromosomes), tnplo, and tetra forms ^ 
fly with only one IV chromosome containing the recessive su gene, 
shaven condition exists m extreme form, less extreme m a diplo lo > 
still less in a tnplo form, and where four of the IV chromosomes a 
present (tetra form), each containing the recessive gene for shaven, 
bnstles and hairs are about normal In other w ords four reccssiv e gen 
do about the same job as two dommants 

In the eggs of some of the lower forms the general pattern of devc op 
ment is already laid down before fertilisation, i c it is determined bj 
genes of the mother In snails, nght- or left-handed coiling is 
mined by the cytoplasm of the mother This m turn is affected ‘l**^®*^ ? 
by the genetic constitution of the mother in which the egg vvas form 
Uight-handed coiling is dominant, so that a cross between a homozjgo“® 
right DD and left <Id shows nght-lianded coiling Dd The DD, ^ ^ 
and dd are all coiled to the nght (because the mother did), but the fa 


class, dd, give all left-handed coiling ofTspnng 

In some instances the genes make their presence felt nght from t ® 
start In com, for example, ordinary pollen (starchy) stains blue v'l 
iodine, whereas pollen from mutant waxy plants stains reddish bro'^ 
owing to the production of a different enzyme When a cross is mad^ 
between starchy and waxy, however the hybnd produces two sorts o 
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pollen, the one with the starchy gene staining blue, the other with the 
waxy gene reddish-brown. 

In some cases the genes delay their action for a short while. In the 
higher species the anlagen of both male and female genitalia are present 
after the first few weeks of embryonic life. Then apparently the different 
gene complexes come into play, and the primordia of one sex develop to 
maturity, whereas those of the other atrophy. There are other character- 





BAR- REVERTED 



I'lu. 110. — Tho bur region in fi.iltvary rliromosoino F, bhowing duplication of bunds in bur 
and doublu-bur. (From after Isinnoti and Dunn.) 


istics tliat may remain latent for a considerable time after birth, and some 
do not appear until middle life or later. 

Sturtevunt and Morgan first reported a case in wlncli tlic position of a 
gene in a chromobomo appareniiy affects the cxprc&aion of a character. 
'Ihis is known as posilion cjjicl, and an example is the bar gene in Droso- 
phila. liar eye in DrobOjihila (facets in a bar pattcni rather than round) 
has long been known as a dominant at point o7 in the X cliromoboino. 
Zflany di.‘'Covered that homozygous bars ver>’ infrcquently pro<hjeed a 
nornul (I in l.otK)), and, btill Ich-s frequently, a .still more re*lricle<l bar, 
or ullni or double bar, lly using b.ir females i\ith two oilier mutant 
geiu'b near bar, ^lurti'vanL ami Morgan bhowetl lliut the proiluetion of 
nornuiU from bar was always tliic to a iH'culiar unequal cro-bing over. 



3S4 nnFLDl^O A'iD IMPnOVbMLM OF FARM AVIMALS 
BndBes finaUy, tl^ough a study o£ f 

nomul round cjes to bo duo to one band m tho ~ 

duplication of tbi3 band, and double bar to b J 

In leaving tins entrancing but dlfficnlt field of ^ 
cytoplasmic, environmental, cnz^atic, liormona, , 
influences in tho development and organization of ^jujent that 

completed unique whole (epigenesis), "® i,,,t that very soon 

any individual begins its life as a tiny fertilized egg, but tlmt veo 
the complete body pattern emerges in a very minute 
definitely organized The month-old embryo is only a fe 
long but IS definitely organized as a minntnro of the adult form 
Its parts and organs are at this time cWly related m -pace, re 
more so earlier, so that tho influence of one portion or orga 
on contiguous ones is not difficult to imagine Spemann s , . r ^jic 
meat m transplanting a tiny portion from near the ^ t,„„ 

blastopore of an early embryonic amphibian to a totally different 
in another embryo with tho resulting formation of a new emhryo 
tissues that ^^ould normally ha\c produced totally difTcrcnt fc g 

was the first mdication of definite organizing centers m the ac\c i 

embryo e the 

It must bo admitted that but hltlc is jet definitely Knoii-n oi 
causes bringing about difTcrcntiation and specific organization in a 
opmg embryo, but much research is now m progress to bndgo t ic 
between the genes m the zygote and the fully dc\ eloped character i 


resulting organism 

Evidence Supportmg Gene Theory of Inhentance. — There are 
lines of evidence lendmg support to the chromosomal, or gene, 
inheritance First and foremost is the fact that almost all organi- 
arise from the union of an egg from the female parent and a sperma 
from the male parent This is all the living matenal the offspring 
from its parents, though, of course, it den\ cs its materials for 
(proteins, fats, mmerals, etc ) from its mother’s blood 
breedmg experiments show that, speaking generally, both parents a 
jointly and equally responsible for the potentialities of their oiisp 
Because this is so and because the two germ cells, egg and sperm, 
alike only as to their nuclei, it seems logical to conclude that the de 
miners of potentialities are located m the two nuclei which contain 


chromosomes and which in turn are made up of genes 

Additional support for the theory is to be found m the phenome^o^ 
known as parthenogenesis, eg , sia organism arising from an egg ^ 

been stimulated to cell division artificially ,eg, ivith a hot needle T c 
organisms evidence maternal characteristics only In like manner a 
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egg, the nucleus of which has been removed or inactivated by X ra; 
may be fertilized by a sperm, and in this case the organism will evider 
paternal characteristics only. 

Further evidence is available from cytological studies, ivhich ha 
demonstrated that, if one of the small (IV) chromosomes in Drosoph; 
is lost from an egg or sperm, the resulting offspring is different from 
normal fly in many parts of the body; t.e., specific effects are produci 
by this IV chromosome. For example, if a female with normal ey 
but having only one IV chromosome is mated with a mutant eyeless ma] 
half the offspring are eyeless, and they are also weak individuals, many 
them not getting through the pupal stage successfully. This proves thi 
the gene for the eyeless condition is located in the small IV chromosom 
The behavior in inlieritance of sex-linked characters, f.c., characte: 
determined by genes located in the sex chromosomes, is additional stroii 
evidence that the genes located in the chromosomes of the nuclei of tl 
sex cells, ova and spermatozoa, arc the actual determiners of the potei 
tialitics of any organism. 

Finally the work of Stem, with Drosophila, and Creighton an 
McClintock, with maize, which demonstrates a complete correspondenc 
between genetic and cytological crossing over, seems to furnish the fmt 
bit of positive proof for the complete substantiation of the chromosomal, 
or gene, theory of inheritance. 

Summary of Modem Genetic Theory, — The modem theoiy of inherit- 
ance is based upon the beliavior in gametogencsis and ontogeny of more 
or less hypothetical entities called ffcnes. However, the theoiy has now 
been tested by means of thousands of planned breeding experiments and 
has been corroborated by numerical data, as indicated in the definite 
numerical ratios for the mono-, di-, tri-, and polyhybrids. In other 
words, the theory is no longer a theoiy but an established fact. It should 
be recalled tliat tlic facts of breeding came first and the theory to explain 
the facts came second. We demand two things of any tiieoiy: (1) that 
it logically explain events that have transpired in the pjist, and (2) tliat 
its principles enable us successfully to predict future hapjieniiigs. Tlieso 
criteria of fitness have been successfully met by tlio ciiromosomal, or 
gene, theorj' of inheritance. 

In brief, the gene theory a.s.siimcs that the cliaracterlistjcs of an organ- 
ism are conditioned by paired genes locatetl at similar loci in homolugons 
chromosomes; that one mewlicr of a gene pair may dominate the hitua- 
fion moru or less fully in the dcvclopcnl orgaaiMii, so that the other 
memlwr of tlio pair is not ext»»nudly recogniziible; that Iho genes are 
urgunizcil into groups, i-ach group forming a chromosome; tliat at the 
n'ducUon divt‘iion in guinelogeiiesis one ineinlHT of eacli liunioIoguUH p.iir 
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of chromosomes found m each daughter cell, tint the distribution 
of the homologous chromosomes to the daughter cells is at random, that 
previous to reduction, t c , during s>napMS, equ d interchanges of chrom- 
atin. material may take place btlwctn the noiisister chromatids, and that 
the ch^omo^omes arc alw a> s org mizcd in a definite manner, each gene in 
its inMolablc place and the genes arranged m i linear tones 
Later cliapters uiU mdicate how the gents ma> change, thus giving 

nsetonew ^a^latcs Once again the writer would like to caution against 

any tendency to o\ crsimphfy the m ittcr of the genes and their l>eliav lor 
m inheritance The genes themselves are probablj very complcv in their 
structure They are very closeh associated with the c>topla±'m of the 
cells, and full development of the individual should be looked upon as a 
result of the interactions between the genes Ihcmiselv cs, betw cen the genes 
and the cjtopla''m of the cells, ami between the tells and their environ- 
ment It 13 the interactions and interrelations of all these forces lliat 
function in the development of a new indiv idual rather tlian the mdiv idual 
actions of separate genes 

It IS known, for instance, that m Drosophila at least 50 pairs of genes 
function in bnnging about the development of tlic normal red cjc It is 
also know n that a change at locus 4-1 1 m the 1 ciiromosomc, a cliange at 
locus 54 5 m the II chromosome, or a change at locus 49 7 in the HI 
chromosome will each result jn purplish nitlier tlian rod e>C3 ITicmj 
genes have been named garnet, purple, and inaroon, respectively It 
would be possible, therefore, to mate two purple-eyed individuals and to 
get from them all normal red-eyed olT>»pnng for each parent might supply 
the missing normal gene that the other lacks It is also readily that 
one type of purplish cy es (garnet) w ould show sex linked inheritance, for 
this gene is located m the sex chromosome, w hereas the other tw o sorts of 
purplish eyes (purple and maroon) would show ordinary Mendelian 
inheritance 

As has been shown earlier dommance is a relative term, and a char- 
acteristic that 13 dominant in one type of mating may bo recessive m 
another Inheritance, therefore, should be looked upon as the mter- 
action between genes, cytoplasm, and envnonment rather than thought 
of m an absolute sense 

Summary —In this final chapter dealmg wnth the pnnciples of inhent- 
^ce, we haie considered the compbcations introduced mto breeding 
data by the fact that many genes may be located m one chromosome, so 
t^t these genes do not assort independently, although the chromosomes 
always do so ^Ye have seen that varying degrees of ImUge up to 100 
per cent may be encountered If linkage is not complete, various 
amounts of crossing over up to nearly 50 per cent may be encountered, 
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and crossover values between any two genes remain constant under 
uniform conditions. The use of crossover values in constructing the very 
ingenious chromosome maps was indicated on the basis of the genes bemg 
arranged in linear series along the chromosomes. We completed our 
discussion of the seven Mendelian piinciples with references to inter- 
ference and to limitation of the linkage groups to the number of pairs of 
chromosomes present in any species. Finally, we discussed the as yet 
rather incompletely Icnowm role of the genes in development, indicated 
the various lines of evidence that substantiate the chromosomal and gene 
theory of inlieritance, and presented a summary of the modern genetic 
theory. 

References^ 

I^oblems 

1. Assume that genes o and b are linked and show 40 per cent of crossing over 
If a H — f-/H — H individual la croaacd with one that is ab/ah, wlnt will be tho genotype 
of the Fi? ^Miat gametes will the Fi produce and m what proportions? If the Ft 
is crossed with a double recessive, a6/<i6, what will be the appearance and genotjpea of 
the offspring? 

2. If tho origmal cross is +6/ +6 X o+/a+, what will be tho genotype of tlio Fi? 
^Vbat gametes will it produce ? If the Ft is crossed back with a double recessive, what 
will be tho appearance of the offspring? 

3. Ax\ mdividual homozygous for genes cd is crossed with wild type and the Ft 
crossed back to tho double recessive The appc.aranco of the offspring is ns follows: 
003 ++» 808 cd, 98 +d, 102 c+. E\plam this result, giving the strength of the 
linkage bctwcfn c and d If assortment between e and d were independent, what 
would be tho result of this cross? 

4. If the cross in the prcccduig question bad been between a homoz>gou3 +d 
individual and a homn7>gous c*h one, what would be thy result of the cross between 
Fi and tho double recessive? 

5. ilow far apart are A and B if in tho F- jou derive 700 AB; 291 Ah', 304 oB; 097 

all 

6. Results of a cross of Aa lib Cc Xaabbcc give: 

GOO ABC 1 10 oBC IflaBc 

0S0u6c 120 Ate 5AbC 

130 «6C 
120 A Be 

Wlmt am tho ixjrcrntagrs of crossing over between .1 and B mid B and C7 How* 
far ajmt are .V and C? 

7. XoTi — In Drosophila the iiiuUmt known ns Unck, b, has a black Ixxly in ton- 
Ir Lit to the wild t>pe, whitli lus .i gray bo4l> ,aitd the mutant ore, a, h w wings wlucli 
.ire somewhat curv ttl and bent dow imonl, in coiitra.vt to the strught wings of the w Uil 
t)pe. 

In the two following cro^^<'^^ the pan’iiis am givin UiemozjK'ms m i uli 
t«*gv th« r with the tounis of tho ulTsjinngof F» Bmoliv brvd to hi ich, an* males (dau 
fmrn UndRiHQiid .Morgan). 

* ftce lots at cinl of (*h ijM XI niid XII. 



,8 BBEEDI^a AND IMPBOVEMENT OF FARM ANIM^iiS 

a Black, arc X type (gray, straiglil) 

Pi females X black, arc males give 

1,&41 gray, straight 
1,251 gra>, arc 
1,1S0 black, straight 
1,532 black, arc 


b Black, straight X graj , arc 

f I females X black, arc males gi\e 

281 gray, straight 
335 gray, arc 
335 black, straight 
239 black, arc 

From tW daU calculate the coasoter aalue bcltcecu black ““I ^ 

8. ^OTE— In Drosophila the mutant known as veultgtal, r, has wings 
V ciy much reduced aa compared mth the long mngi of the told t, pe 

In the two tollomng crossea the parents are given, as m the j,., 

together with the counts of oSspnng of Fi females crossed with black, ve gi 
(data from Bridges and Morgan) 

o Black, \ csligial X -wild type (graj , long) 


Fi females X black, vestigial males gi>e 

822 gray, long 
130 gra>, vestigial 
161 black, long 
652 black, vestigial 


b Black, long X gra> , v estigial 

Fi females X black vestigial males give 

283 gray, long 
1 204 grav, vesti^l 
1,418 black, long 
241 black, vestigiaL 

From these data calculate the linkage strength between black and vestigial 

9 "Note — In tomatoes, Jones has found that tall vme is do mina nt over ' 

and >kpherical fruit shape over pear Vme he^ht and fruit shape are linked, wi 
crossover percentage of 20 per cent , 

If a homozjgous tall, pear-fruited tomato is crossed with a homozygous ’ 
Bphencal fruited one, what will be the appearance of theFj? Of the crossed vnt a 
dwarf, pear? Of the F*? 

10 \ certam tall, ephencal fruited tomato plant crossed with a dwarf, 
fruited one produces 81 tall, ephencal, 79 dwarf, pear, 22 tall, pear, and 17 dwarf, 
sphcncaL Vnothcr tall, «phencal plant crossed with a dwarf, pear produces 21 ta > 
pear, ISdwarf, sphencal otall ephencal and 4 dwarf, pear What are the genotyp®* 
of these two tall, sphencal plants? If they were crossed, what would their off'pn^S 
M 
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11 Note — In rats dark eyes are due to the interaction of two genes R and P, the 
recessive allele of cither producing light eyes These genes are m the same chromo- 
some 

When homozygous dark-eyed rats, were crossed with double-recessive 

ones, rp /rp, and the F i crossed back with the double recessive, the following offspnng 
were obtained (data from Castle) 1,255 dark-eyed, 1,777 light-eyed 

When +p/+p animals were crossed with r-h/r-f- ones and the Pi crossed back with 
the double recessive, the foUoiving offspnng were obtained 174 dark-eyed, 1,540 
hght-eyed 

Calculate the hnkage between r and p 

12. In the fowl, assume that e (early feathermg) and B (barring) are sex-lmkcd and 
show 20 per cent of crossmg over (m the male only) If a male from a cross of late- 
feathered, barred male with early, black female is mated with an early, black female, 
what will be the appearance of their offspring, as to feathermg and barring? 

13 Assume that genes a and b are linked, with a crossover percentage of 20 per 
cent, and that c and d are also Imkcd, with a crossover percentage of 10 per cent, but 
arc in another chromosome Cross a plant homozygous for ABCD wth one which is 
abed and cross the Fi back on abed I\Tiat ivill be the appearance of the offspring of 
this cross? 

14 In Drosophila, yellow body is sex-Imked and recessive to the gray body of tho 
Wild fly Vermilion eye is also scx-ltnkcd and recessive to tho wild red eye The 
genea foe yellow and vcrradion show about 28 pec cent of crossing over Tho geno for 
acstigial IS 111 one of the autosomes If a homozygous ycllow-bodied red-oyed long- 
wuiged female is crossed with a homozygous gray-bodied vermilJion-e>ed vcstigial- 
w mged male, and if an f i female is crossed with a yellow, vcrmihon, vestigi il male, 
what will be the appearance of tho offspring of this last cross? 



CHAPTER XV 

THE PRINCIPLES OF VARIATION 

Genetics, as was said earlier, is concerned with heredity and vanation 
Its task IS to explain why an organism does or does not resemble i s 
ancestors The three previous chapters have dealt with hereditary 
likenesses betivcen related organisms Heredity is the great conserving 
force The fact that the genes and their combinations are relatively 
stable has acted as a ratchet mechanism to hold whatever gains have 
been made from the standpoint of evolution For progress, however, 
^\e need something more than this, vtz , vanation For many centuries, 
species and varieties w ere believed to be immutable The nse of many 
varieties of dogs from one or two remote ancestors by means of the 
principles of variation and selection and the same phenomenon m horses, 
cattle, sheep, and swme Mas pointed out in an earlier chapter 

Henry van Dyke is reported to have said that there is one thing in 
Mhich all men are exactly alike, and that is that they are all different 
Ihis statement also holds true for farm animals To the observing it is 
quite evident that “the most invariable thing m nature is variation 
^Yhen mc consider that probably no two blades of grass, no two calves, 
and no two human beings have ever been just exactly alike (though 
identical twans are essentially so), we get a fleeting glimpse of the resource- 
fulness of nature It would seem that the new plans and specifications 
must sometime be depleted, yet hfc flows along in its thousands of 
xanetics and millions of unique individuals, each different from all the 
rest of its kind Fortunate, too, that this is so, because wnthout this 
pnnciple progress would be impossible As has been said, “Vanation 
13 at once the hope and the despair of the breeder,” tho hope because 
through it may be produced ofTspnng better than their parents, the 
despair because after animals have been greatly improved, they may 
and very often do vary again toward mediocrity 

riuvt animals vary m size, tjpc, rate of growth, efficiency of feed 
conversion, quality of c ircass, proportion and distnbution of fat and 
lean, w ool quality and quantity, fertility, longev ity, resistance to disease, 
milk production, butterfat percentage, color of milk, persistency, «pe<.d, 
stamina, style, tractabilitj, color, and in a hundred other wa>s is too 
cv idcnt to need much discussion 
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Here are two steers, one of them gains 22.1 lb. for each 100 lb. of 
nutrients fed; the other only gains 14.3 lb. from a like amount of feed. 

Here are the litters of two sows, one of them gains 100 lb. from S04 lb. 
of feed; the other litter gains 100 lb. from 360 lb. of feed. 

Here are two dairy cows, one of them returns 36 lb. of total digestible 
nutrients for each 100 lb. led; the other returns only 18 lb. from a like 
amount of feed. 

Here is a Guernsey bull bred to 8 cows that range from 12,600 to 

13.500 lb. of milk per year; the 8 daughters range from 8,600 to 15,600 lb. 
Here is an Ayrshire bull bred to 13 cows that range from 10,500 to 

11.500 lb. of milk per year; the 13 daughters range'from 7,800 to 16,300 lb. 



Vio. 112. — Belli of Amherst 3rd, a Grand Champion at Eastern StutoH Exposition (picturu 
taken when dry). Her tmu sister was nearly os poor u dairy t>po us this ouo is good. 

Variation is tremendous, partly oiling to the mechanism of inherit- 
ance, partly to the effects of environment. .Most of the qualities of 
our animals arc clastic. Depending on feed, caixj, etc., a coiv may produce 
8,000 lb. of milk in a year or 10,000 Ib. A sow* may farrow' ten 3-lb. pigs 
and nii&o them all, or seven 2-lb. pigs and raise four of them. The 
breeder’s task is to provide the bc-st possible environment at all times 
and to make the environment as uniform as possible in order that lus 
variations will be known to Imvc a genetic b;Lsis. 

Causes and Types of Variation. — ^riiem can conceivably be but two 
c,iutes of genetic variation. It is caused either by some outside, sU|>cr- 
natund force, or else it is inherent in the nature of living things, tladr 
natural response to stimuli. 

.. . .. fSeiM'riiatunl 
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General opm.ou loans tonard the latter explanation Tfere arc tao 
t\DC3 of Stimuli that might conccitably bring about aanation one inte 
nX the oLr external fo the organic Any fully 
IS the result of the combined action of these internal and external stim 

„ . f Autogenetic 

Exogeaetic 

Tlio organism starts as a singlc-eelled zjgotc, with its full complement 

of genes denxcd from both paternal and maternal sources This gen 

heritage has a tendenoj to develop m a certain definite way, 0'™8 
Its chemical and phjsical makeup The norm lor this nf 
maj tarj from that of one or both of its parents because of its ditlereni. 
chromosomal content Durmg mtrautenne development, any organism 
13 subject to various influences from its mother, voth whom it “xes i 
very close association Chemical products m the blood of the mot c 
may bo transfused into the circulation of the embryo and may react m 
\anoas wajs on the developing cmboo or cause it to react m a variety 
of \\a>8 The mother’s blood, or the fluid surrounding each cell, may 
contain nutritive material that will assist m the proper growth and full 
development of the embryo On the other band, they may contain 
waste or toMC products, secretions or hormones from various glands, 
etc , any of which may cause the embrjo to vary more or less from its 
original normal tendencies Effects due to the parent’s habits or to 
contingencies in the developing embryo itself cau«e many vanations to 
appear m the fully developing oiganism, all the way from a doubling o 
parts, through various types of cliangcs, including blemishes and ma - 
formations to an entire pinching off or absence of the part 


^|Gcnuinal| 
ISumfttic I 


IClcmgc 


Recombinations 

Gcoc and ctiromosomc mutations 


m soma, behavior, etc 


In this cliaptcr, w c shall consider only those variations that hav e their 
origin m the germinal material, the genes and chromooomes in the germ 
cells, leaving the somatic variations to be treated m the next chapter 
Vonation as a TooL — % anation is one of the most useful tools that 
the brteilcr posM^^fpCs. It provides him the raw material from which 
he can f U'^hion better animals The breeder is constantlj on the lookout 
for ^U^lrablc tjpes of variation He sees v anation as it manifests 
ilscU in his animals and bcizcs upon it in the hope that it will prove to 
1m. hcrvditarj Much variation doui have a genetic basis, much of h 
loo IS tnvirunintnlol, whereas some perhaps is both It is no stiaplc 
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ter to separate these three categories. In addition to these com- 
ations is the further one that the hereditary variations may be of 
lous sorts. Some of the alleiic pairs of genes may show varying 
rees of dominance, from complete to an entire lack. This same feature 
lominance between different paim of genes Icnown as episiasis may be 
rating, whereas in still other cases the various genes may behave 
i’' cumulative or additive fashion. To secure desirable variation of a\ 
sditary sort and to guide it toward some preconceived ideal of perfec- 
I is the problem that the breeder constantly struggles with, 
fortunately there is generally plenty of variability available. In 
ses, cattle, sheep, and swine there are literally all sorts. The animals 
100 
90 
60 


oSO 

iso 

20 

10 


Thousand's of pounds 3.5 V. 
l^ia. 113. — Graph of Holstein Indexes, Vol. 11, Jfolstein-Friesian Red Book. 

of a breed, as far as their commercially valuable qualities arc concerned, 
probably simulate a normal curve. Some of them are poor, a few more 
mediocre, most of them just average, a few very good, and a very few 
occellcnt, the excellence probably being due in most cases to good heredity 
plus good environment. This general feature of variability is shown in 
Fig. 113, a graph of 703 Holstein bulls listed with their indexes.^ 

The above graph shows that 5 of these bulls had indexes of G,000 lb. 
of 3.5 per cent milk, 7 had indexes of 7,000 lb. of 3.5 per cent mill^, 11 
indexes of 8,000 lb., etc., up to 4 bulls with indc.\C3 of 22,000 lb. and 
*1 with indc.xcs of 23,000 lb. of 3.5 per cent milk. Because the index is 
computed from a comparison of dams* and dauglitcrs* records, it is 
obvious that the females would also sliow this sort of normal curve of 
prothiction. Tlio breeder is, of course, trying to make his selections 
from animul.s in the upper half or top quarter of these cur\'e.s, and ho 
* I'ruui Vol. 11 of t!jo lIohiciti^Friesian ited Book. 
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hopes that a goodly part of this vanation B hereditary and « ill bo passed 



of red color in the coat 


Freeman^ found the mean number of body vertebrae of 62 
pigs to be 20 52 ± 0 0G7, and for 79 Yorkshire pigs to be 21 27 ^ ® ^ 
The increased number of vertebrae were associated with greater b 
length, which would addtocarca 
value and might possibly be corre- 
lated with greater fertility. 
Vanations from Recombina 

boas.— We have already discussed 

pretty thoroughly the 
proposition of recombinations 
chromosomes durmg meiosis 
an orgamsm wuth tw o pairs o 

chromosomes, there are four possi 

ble wajs of recombining these intact chromosomes as indicated 
Fig 115 

In each resulting germ cell there must necessarily be one member of 
each pair of chromosomes The possible numbers of different gamete^ 



Fio 115 — Showing the difTerent types of 
germ cells possible in s species with two pairs 
of chromosomes — chromosomes reiaaming 


• Freeuav, V A , \ anations in the "Number of Vertebrae m Sninc, J^our 
30(2) 61-04, Februarj , 1939 
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1 sonic varying numbcis of pairs of chromosomes are shown in 
>le 23 


u 23 — Nu\u3i-.n ot DiFicnENT Kinds op Germ Cells Possible from Varying 
Numbers oi Pairs of Chromosomes 



Number of pairs 
of chromosomes ^ 

Number of differ- 
ent kmds of germ 
cells 

ana 

1 

21 

2 

megaloce'phala 

2 

2* 

4 

isophila melanoga&ter 

4 

2* 

16 


10 


1,024 

me 

19 


524,288 

man 

24 

2« 

16,777,216 

ttle, goat, horse 

30 

2« 1; 

,073,741,824 


It is evident from the above table that the simple lecombination of 
;act cluomosomes m the higher species can account for a tieraendous 
lount of variation From a perusal of the above table one might 
nclude that breeding is a pretty haphazard and impossible task any- 
ly The writer would not try to maintain that it is easy, but neithei 
the ]ob as impossible as might appear at first glance What we are 
ying to do from a practical breeding standpoint is to make our animals 
ire for genes that lead to the development of desirable characters 
t present they aie rather heterozygous and therefore do not breed 
ue Two homologous chiomosomes may bear the following sorts of 
mes 

A/\a 

B\lD 

c{}C 

Dl\a 

eXle 

If, by selectmg, mc bring it about that these tMO chromosomes become 
homozygous, 

Al\A 

d\)d 

c{)c 

d{\d 

lAii: 

then it Mill make no difference Mhich one of these tao liomologous 
chromosomes go to any egg or siicrm, for they arc now c\ ictly siinil.ir 
It would still and always be true that the 30 pairs of chromosomes in 
cuttle could and woulil be capable of producing o\cr i billion different 
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rccombmationi, hut, if our mimals were tntircl> homozigotis, ill t'J 
tht'^ hiUum combin itioiis would be idtiiticul It tctiiH unlike j 1 w 
we can c\tr reach llua Roil, but flit fict nm iittsi that the more htUro- 
zygoMtj can be reduced, the IcvJ \ in itioii we will li i\c 

If a male ^lu u mited to x ftmde Aa, there can bo product tuo 
difTercnt types of garatlcs (A or a) by each parent and ofTspring of t rcc 
dilTerent genotypes (A 1, -rla, or aa} 

If 1 m lie of the genetic connlilulion Aa Bb (w ith genes A and D m 
dilTerent chromosomes) is mated to a female of the i>amc genetic make-up, 
there can be produced four difTercnt tjjKS of gametes b> each p irtnt an 
offspnng of nine different gcnotjiics 

With three purs of hctcroz>gous nonlmkcil genes m each parent, we 
would luic eight diflcrcnt ty|>cs of gametes anil ofTspnng of 27 diffcren 
genotypes 


Table 24 — IsurpEsoESTcr SccRuiATisr Grsr llrcoUBisATios'* 


bumber of pairs of 
hctcrosygous genes 

Number of diflerent 

' gaiDCtd 

Number of dilTerent 

1 genotypes 

1 

2 

3 

2 

4 

9 

3 

8 

27 

n 

2* or 

1 3* or (10* «»•) 


If two animals were of the genetic constitution shown below (genes m 
different chromosomes), 

wro lo lA CC M 
«Um Aa Bb cc DI) 

then there would be the follow mg possible genotj jics of offspring 
3X2X1X2»=12 

Thus we could haie 12 different sorts of full brothers or sisters, as to 
genotype, from mating the above two parents /U1 of these animals 
would have identical pedigrees but their genotypes might all be different 
ranging from 

A 1 Bb Ce DB to aabb Ce Dd 

If the capital letters represented desirable traits and the small letters 
undesirable ones, we can see that there would be a vast difference between 
these full sisters or brothers Identity of pedigree, then, docs not mean 
identity of mhentance except when the parents are homozygous for 
pair of genes 
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ur example has dealt itli four pairs of genes, or eight m all We do 
hnoM hoiv many genes are present in the chromosomes of our larm 
nals aiiere arc CO chromosomes in some of these animals, and, it 
e were an average of 100 genes in each chiomosome, there w ou e a 
d of 0,000 genes Each parent would then be transmitting not 
es, as m our simple example, but 3,000 If tw o anima s ■" ® 

ous for all of these 3,000 pairs of genes, then there could be 3 
erent genotypes, assuming that all combinations xvere possi ® ^ 

ms of independent assortment and crossing over Such a 
of course, beyond human comprehension It eou e wri en 
10' and it has been estimated by physicists that the whole un v 
itains 10“ electrons Three to the nineteenth power is a 
'Ce as large as the number of cattle at present m 
00 genes are in bundles (chromosomes) of perhaps 100 "ach and of 
use, wUl show linkage m each bundle Even if hdcage is coylete in 
I ^ t j i. n 030 nr 1 073 741,824 different recom- 

chromosomes, -wo could still get 2 or 

rations of complete chromosomes, whereas there are only about 650 

llion cattle in the world , v . 

In our simple example where we were dealing with only mght genes 
rve assume all these genes to bo in the same chromosome the sire might 

\b and the dim b\ 

Winch would give AhCD/ABcD, AhCD/<AcD. abCd/ABcD, ahCd/abcD 

““Thrthe“very mechanism of inheritance ,n unisexual ammak whereby 
a parent gives a sample halt of his or her mhentanee to each offspring 

IS a very potent source of variation , j . , i * 

Variation from Crossmg Over -We learned m the previous chapter 
that blocloi of genes in two homologous but nonsister chromatids may 
change places xU each other The workmg of this principle mcreases 
the possibility of variation to an infinite amount, so that the b.U.on 
possible recombinations of mtaot chromosomes in farm animals fades 
into insignificance m comparison Again, however, it will not be so bad 
13 It seems it we lay our plans to render tho genetic material of our ammals 
somewhat more homozygous that it is at present 

'Ihcse principles of nulcpcndcnt assortment and crossmg oxer make 
the possibilities of xariations truly infinite I ho workings of these 
principles are, no doubt, the greatest cause of xanation m farm animals 
Ihcy explain why l cow (scnib in this case) can be bred to a tcrtain bull 
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a.d a he.£er produced that yrelds 3^ lb of mdh and 

cow be bred to the same bull aud a heder produced that ^““3 0 

of milk The first heder yielded 31 per cent less milk than her dam, 

the second one yielded 17 per cent more than her dam Or. to 

case from the purebieds, mz , a purebred coiv bred t" -'e * j 

purebred bull, m the first case a heder resulted that yielded 6,2(» lb o 

mfik, U per cent less than her dam. and m the second case a heUe 

resulted that produced 9,800 lb of mdk, or 35 per cent 

dam jls erplamed above, the chromosomes, which carry the 

miners for all cliaracters, e g , milk yield, tendency to fatten, color, spe , 

typo, etc , go through the process of reduction, the chromosomes separat- 
mg or segregatmg, ^hich enables them to reunite mto new com ma 
of various sorts The chromosome mechanism, in heterozygous orga ^ 
isms, 13 one o! the most potent causes of variation, mcludmg as i 
both the recombination of mtact chromosomes and the 
different ones by means of crossing o\er It must be recogmze , 
ever, that such characters as milk production may be greallj m ueo 
by environmental factors The occurence of such metabolic distur an 
as ketosis, the presence of inflammation of the mammary gland, 
feeding, or general management practices frequently overshadow 
actual genetic potentialities of dairy cattle 
Vanation from Gene Mutations. — In addition to the different ^ 
bmations that might be mhented, there are mutations that are a ^ 
inherited Gene mutations are germinal or genetic variations 
single genes They are probably due to chemical or spatial altera loa 
in the genes for certam charactensUcs m the germ cells The cnem 
rearrangement of the atoms m the genes that may bnng about mutations 
might be compared to the interchangmg of a certam number of hjdrov 
and hydrogen ions from one place to another m the structural form 
for dextrose which comerts dextrose mto levulose Or different atoi^ 
ma> be substituted for some already present, just as one may bj su 
stitution change methane (CH«) to monochloromethane (CHjCl) -b® 
the new arrangement of atoms and the substitution of one or more 
different atoms for others already present would supposedly gi' e rise 
^ anations 

Smee 1927, when "Muller first discovered that treating Dro-oph*^* 
w ith varj mg doaages of X rajs led to increased rates of mutation, muc 
experimental w ork of tlus nature has been performed both wuth X 
and with radium The CMdence seems irrefutable that the bomba 
raent of the genes by acti\e rajs does induce changes in the molecular 
structure of the gene, which in turn is evidenced by changes m exter^ 
or pbj siological characteristics These gene changes occur natur* 5 
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t at very infrequent intervals. The rate of mutational changes has 
en speeded up as much as 160 times by ray treatments. Some genes 
ve proved to be much more stable than others. Stadler studied the 
ects of X and radium rays on seven genes in maize and found a very 
de range of susceptibility to change among them. Stadler’s results 
e shown in Table 25. 

Attempts to produce mutations by chemical means go back to .the 
rly days of modem genetical research. Although some earlier work 
IS suggestive, the first positive results indicating the production of 
utations by chemicals were obtained by Auerbach^ and Robson during 
le Second World War (see Auerbach, 1949, for review) with mustard gas. 
nee then various other chemicals have been shown to have definite 
utagcnic effects. A new tool is thus available to the research worker. 

ADix 25. — SxADLEn’s Data on* the Fheouency oe Chanoes in Seven Genes of 
Maize* 


Gciio 

Gametes 

tested 

Number of 
mutations 

Average per 
one millioa 
gametes 

R 

654,780 

205,391 

047,102 

1,078,730 

1,746,280 

2,469,285 

1,603,744 

273 


/ 

28 


Pr 

7 


s» 

4 


Y. 



Sh 

3 

1.2 

ir* 







> Staulcr, Jour, iirrrd., 34 , (lOJ 37 J. IU33. 


We do not know exactly what causes gene mutations in nature. Wo 
do know that they occur with greater or Ic.s&er degrees of frequency. 
About GOO gene mutations have been recorded in Drosophila viclanogastcr. 
One of the earliest discovered was tliat which changes the eye color 
from re<l to white. A white-eyed mole lly suddenly appeared, and, when 
mated with a normal red-eyed female fly, the F\ olT.^pring were all red- 
eyed. In the F-, however, tho W'lute-cycd condition again upj>eare<l, 
but only in mule flies. This is, therefore, a sox-Iinkeil, receasive mutation. 
Dtlwr chunge.s in this same gene have resuUe<l in a series of II allelicj 
cljuraclerislics as to eye color in Dro^ophila, mnging from white through 
ecni, tiuged, hulT, ivur>*, eo^in, apricot, cherfy» blotsl, ctjral, and wine to 
ret!. Ueverse mutatioiw also occur; i.c., red eyes may mutate to white, 
:uul white may muUito b.ick to rctl. 

»Aii.ui»ACH, C’ii tuuim:, t iidini.'vl IluJ, U<v., 24i;3.V>-3yi, I'.MU. 
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Some gene mutnt.ons .uch tirXpnrg 

mhenUnco A grot many o ' «lulc-o>cd mutant 

never reaching matunty uhercM in o . j jj nhite-cjcd 

many other charactenat.ee bcaidcs eye color are ilTectcu tu 

mdividuala being leas rohual l3 ,3 no doubt the 

The best knoM-n mutation among farm ’ otably 

eharaetenstie of polledness, or liomlc^ncss “ ““f '“„^„3ome» 
arose because of a chemical change of some sort m the chromo 



Fiq 116 — A sheep with very short and crooted legs after the st>Ie of the Anco 

No doubt they have ansen in all the breeds at times 
they have been noticed and valued and a polled strain develope 
them The reason for the change in the chromosomes that pre' 
the horns from developmg is unknown , _ 

Another mutation now extinct occurred many jears ago id s 
S eth "Wnght a Massachusetts farmer had dropped in his 
lamb that a mutant being low backed long bodied and 
short crooked legs something after the fashion of a dachshund 1^^ 
Wright recognized its value — its type of build although not mte e 
seriously -with wool production bemg a decided deterrent to the 
pastime of fence jumping The ram a mutant was used for breeu 
and from this start the Ancon breed of sheep -with the charactens 
listed above was produced though the breed bna long since been 
planted by the Menno 
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The Mauchamp sheep of France, •with a superior sort of fleece, are 
tnetimes considered a mutant race, but, inasmuch as the- original ram 
IS a hybrid between a Mauchamp ewe and a Dishiey ram, this case, 
"Nathusius points out, must be removed from the records of actual 
atations in domestic animals. Another character in sheep reported 
)m Norway, viz., short ears, though of no practical importance, is 
irhaps, a mutant. 

Regarding mutations in domestic animals Babcock and Clausen state 
at: 

Any system of herd improvement founded on the search for and utilization 
mutants is doomed from the beginning to failure, for mutants of a beneficial 
laracter appear so rarely as to have almost no practical significance. If by 
me fortunate chance a breeder should find himself in possession of a favorable 
utaut individual, however, it is a simple problem in Mendelism to establish 
s characters in a constant race. 

For instance, if a mutant sheep were produced with no tail, a tailless 
reed could soon bo developed and the trouble of docking saved. ^ No 
i^stem of breeding has yet been advocated to produce mutations, perhaps 
one will ever bo devised. Tendency to mutate, however, is very likely 
n inheritable characteristic, just as are all other features and traits 
xhibited by organisms. 

GENERAL STATEMENTS ABOUT GENES. AND MUTATIONS 

1. Genes arc ultramicroscopic, chemical entities — possibly giant 
nolecules — which are fairly stable and self-propagating. 

2. Gene mutations aic sudden variations resulting from chemical, 
tructural, position, or volume change in genes. If they occur in the 
5 crm cells or their primordia, they become a part of the hereditary matc- 
•ial; if they occur in the soma, they may alfcct only one cell or whole 
groups of cells, but these somatic mutations do not become part of the 
hereditary material. 

3. Mutation generally occurs in one gene at a time. 

4. Mutation rates difTcr in different genes, vary from verj' low fre- 
quency in some genes to relatively grcjit frequency in others, and the 
rates may be inherent and/or may be influenced by the environment. 

5. Mutations arc more likely to occur in some parts of the chro- 
mosomes than in others. 

0. Mutations may involve a series of changes in one gene (multiple 
alleles), 

7. Alutatlon — wild type to new allele Is called dinct. 

8. Mutation — mutant allele back to ■wild type is CJilIcd revcrac. 

‘ fs-o R, DaJl. Kjpt. Sta. C'lr. 2S, It) 10. 
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9 Mutations ha\e varying effects from almost no effect on up to a 

lethal effect <• i irafVnl 

10 Mutations are usually recessive and generally harmful or 

11 Mutations may occur at any time — probably most frequen y 
maturation 

12 Mutations that are dominant show up at once 

13 Mutations that are sexdmked recessives show up at once m ma 

14 Mutations occur ivith appreciable frequency in nature 

15 Mutations can be induced by radiation, temperature chang , 
and chemical agents and are proportional to the seventy, wit in v 
limits, of the treatment received 



16 Mutations must be proved by breeding experiments and ana 

— while eye, probably a chemical or structural change, bar eye, gene 
duplication, notch, a deficiency, double bar, a position effect 

17 Several hundred gene mutations have been found in Drosopn » 
com, peas (Mendel dealt with seven of them), rats, rabbits, and some, 
too, m the higher animals mcluding man Most of the problems at 
end of Chaps XII, XIII, and XIV involved gene mutations 

Lcthals are generally gene mutations, and they have proved 
useful m the study of mutations mduced by X and radium rays T n 
CID method was devised by Muller to study the rate of production o 
mutations by artificial means Because most mutations are Ictlxal, i 
was necessary to formulate a plan that would reveal their presence 
thougli the organism was kiUcd before hatchmg To do this MuUcr 
bred Drosophila, which had the genes for crossover suppression, a knoi'O 
rcccoaivo lethal, and bar ejes in one X chromosome and their allc^^ 
(nons-uppressor, normal, and round eyes) m the other X chromosome 
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{CIB and cLh). These flies were bred to a male with nonsuppressor, 
normal, and round-eye genes in its X chromosome (cLb), Before breed- 
ing, these males were subjected to X rays. From this cross, bar-eyed 
females {CIB and cLh) were selected and bred to normal, untreated 
{cLh) males. From this cross, half the males will die because their X 
chromosomes contain the original lethal gene {CIB). If the other males 
also die {cLb), it shows that a new lethal mutation was produced by the 
X-ray treatment of the original male. The complete lack of grandsons, 
therefore, proves the artificial induction of a new lethal gene, probably 
a chemical change in some gene that destroys the balance necessary for 
the survival of any organism getting it. 

Balanced lethals were first discovered by Muller. His stock of 
beaded (deformed wings) flies when mated usually gave beaded and 

normal offspring, as though beaded were due to a single dominant 
gene, lethal when homozygous. Muller was able to select out a stock 
that bred practically tiiio for beaded (producing an occasional normal) 
but when crossed back to normal gave 50 per cent beaded and 50 per 
cent normal, showing it to be heterozygous for beaded. Full analysis 
by Muller finally showed that the two stocks of flies differed genetically, 
the first having a dominant .mutation, beaded, in the III chromosome 
which was lethal when homozygous, the second or true-breeding strain 
have another lethal closely linked to beaded, so that their genetic con- 
stitution is Bd-bZ-bl. With a crossover suppressor (probably an inver- 
sion) they produce only Bd -f or -\-l gametes and only Bd-^/-hl offspring 
(with an occasional 4-+ normal if crossing over occurs), because the 
offspring and the -VlZ-Vl offspring both die, which gives 
an apparently true-breeding strain because of a system of balanced 
lethals. 

Variation from Chromosomal Aberrations. — In addition to gene or 
point mutations a considerable variety of chromosomal aberrations 
involving various-sized blocks of genes, whole chromosomes, or whole 
sets of chromosomes have been discovered in recent years. Changes 
of this nature arc generally brought to light by discrepancies in breeding 
behavior resulting in disturbances of the normally e.\pcctcd Mendclian 
ratios, in the creation of new linkage relations, or in the appearance of 
variable offspring. Wien such things occur, cytological study ha.s 
generally rcvcale<l certain changes in tho numlwr or arrangement of the 
loci within the wliole chromosome complex or a change in tlic actual 
iuiml>er of chromiX'5(jme.s. Thus cIoms co^rc^pomlenco between tlie visible 
changes in the chromatin and changes in mtios or in individuals i-s, of 
course the strongest possilde evidence supporting the chromosomal 
theory of inheritance. Since visible changes in the chromotome.H re.'^ult 
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9 ilutations ha\c \arymg effects from almost no effect on up to a 

lethal effect in*v,ni 

10 ilutations are usually recessi\e and generally harmful or 

11 "Mutations may occur at any time — probably most frequen y 
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12 Mutations that are dommant show up at once 

13 Mutations that are sex-lmked rccessives show up at once in ma » 

14 Mutations occur with appreciable frequency in nature 

15 I^Iutations can be induced by radiation, temperature changfe^ 
and chemical agents and are proportional to the seventy, "it n via 
limits, of the treatment recen ed 



10 ^Mutations must be proved by breeding experiments and analj 
— white eye, probably a chemical or stnictural change, bar eye, 
duplication, notch, a deficiency, double bar, a position effect 

17 Several hundred gene mutations have been found m Drosop « 
com, peas ("Mendel dealt wath seven of them), rats, rabbits, and 
too, m the higher animals includmg man Most of the problems at 
end of Chaps XII, XIII, and XIV involved gene mutations 
Lethals are generally gene mutations, and they have proved 
useful m the study of mutations mduced by X and radium rays 
CIB method was devised by Muller to study the rate of production o^ 
mutations by artificial means Because most mutations are letba , 
was necessary to formulate a plan that would reveal their presence even 
though the organism was killed before hatching To do this M 
bred Drosophila, which had the genes for croasov er suppression, a 
rcccsaive lethal, and bar eyes m one X chromosome and their alle 
(nonsuppressor, normal, and round eyes) m the other X chromoso®® 
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W and cLb). These flies were bred to a male with nonsuppressor, 
)rmal, and round-eye genes in its X chromosome (cLb). Before breed- 
g, these males were subjected to X rays. From this cross,' bar-eyed 
males {CIB and cLb) were selected and bred to normal, untreated 
Lb) males. From this cross, half the males will die because their X 
iromosomes contain the original lethal gene (CIB) . If the other males 
so die (cLb), it shows that a new lethal mutation was produced by the 
>ray treatment of the original male. The complete lack of grandsons, 
lerefore, proves the artificial induction of a new lethal gene, probably 
chemical change in some gene that destroys the balance necessary for 
the survival of any organism getting it. 

Balanced lethals were first discovered by Muller. His stock of 
beaded (deformed wings) flies when mated usually gave % beaded and 

normal offspring, as though beaded were due to a single dominant 
gene, lethal when homozygous. Muller was able to select out a stock 
that bred practically true for beaded (producing an occasional normal) 
but when crossed back to normal gave 50 per cent beaded and 60 per 
cent normal, showing it to be heterozygous for beaded. Full analysis 
by Muller finally showed that the two.stocks of flies differed genetically, 
the first having a dominant .mutation, beaded, in the III chromosome 
which was lethal when homozygous, the second or true-breeding strain 
have another lethal closely linked to beaded, so that their genetic con- 
stitution is Bd‘\-/+l. With a crossover suppressor (probably an inver- 
sion) they produce only Bd + or -\-l gametes and only i offspring 

(with an occasional -f-d- normal if crossing over occurs), because the 
Bd+/Bd-{- offspring and the offspring both die, which gives 

an apparently true-breeding strain because of a system of balanced 
lethals. 

Variation from Chromosomal Aberrations. — In addition to gene or 
point mutations a considerable variety of chromosomal aberrations 
involving various-sized blocks of genes, whole chromosomes, or whole 
sets of chromosomes have been discovered in recent years. Changes 
of this nature are generally brought to light by discrepancies in breeding 
behavior resulting in disturbances of the normally c.\pccted ^Icndclian 
ratios, in tl\c creation of new linkage relations, or in the appciirancc of 
variable offspring. When such things occur, cytological study ha.s 
gcnendly revc.aled certain changes hi the numlxir or arrangement of the 
loci within the whole chromosome complex or a change in the actual 
numl>er t)f ehromo'-omes. Tins clase corrc-spondencc bet\\een the vwihle 
changes in the chromatin ami chimges lu ratios or in individuals Is, of 
counsj the .strongest po^aib]o evidence supporting the chroino.>ioinal 
llieorj' of inheritance. Since visible changes in the chromosome.s result 
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m recognizable .ar.at.ona .n the fully developed organiama, .t 
more than just.fiable to assume that the chromosomes and genes are tn 
actual detennmers of potentiahlies 

CHANGES IK BLOCKS OF GENES 


Translocation — It bometimes happens that a chromosome becomes 
broken and one of the pieces attached to some other chromo'^om 
Bridges disco\ered that a group of genes that normally belonged m 
II chromosome suddenly showed Imkagc relations wnth genes m e 
chromosome, and this w as termed Iranslocalton If the piece becom 
attached to a nonhomologous chromosome, a new linkage relation 
•et up If, for instance, a small piece of the X chromosome m Drc^op ^ 
became attached to one of the two large pairs or to the small ^ ^ ^ 

mosome, then the genes that were contained m the broken piece o 
chromosome and that had formerly shown sex linked mhentance wo 
no longer do so Likewise, if a piece of one of the autosomes w as bro en 
off and became attached to an X chromosome these autosomal geo® 
that had formerly shown ordinary Mendehan mhentance would now 


show sex linked mhentance 

Such a case involving a block of autosomal genes m the II chromosome 
was discovered by Altenbui^ This block of genes suddenly began o 
exhibit sex linked mhentance as if it had become attached to an X 
mosome Cytological examination revealed the fact that one ^ ® 
members of the II pair of large autosomal chromosomes was very 
reduced m size, whereas one of the X chromosomes had been mcrease 
m size by just about that amount Many cases of translocation 
been studied m recent years They are generally first evndenced ' 
peculiar genetic behavior and then checked cytologically, though t e 


reverse of this process has been true m a few cases 

Reciprocal Translocations — Vie learned earlier that durmg meiosis 


there might be an equal mterchange of vanous-sized blocks of gene* 
between nonsister, homologous chromatids This process was calle 
crossing oier So too, may there be interchanges of blocks of genes 
between two nonsister, nonhomologous chromatids or perhaps betwe^ 
nonhomologous chromosomes (illegitimate crossmg ov er) This is called 
recnprocal translocation, or segmental interchange In ordinary trans- 
location there is no trading between the chromosomes or chromatids, n 
section, of one chromosome simply going over to another chromo^®^ 
without any reciprocitj on the part of the latter In reciprocal tran^ 
location, there is reciprocity, and it is between nonhomologous chromati * 
or chromosomes This type of translocation happens more frequent ' 
than does simple translocation 
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If there Averc leciprocal translocation betAveen one end of the II and 
[I chromosomes in Drosophila, then at synapsis, Avhen like genes 
pparently attract each other to form the synaptic knot, a ling of chro- 
losomes Avould be formed as indicated in Fig. 118. 

These ling foimations are Icnown as catenations. Many peculiar 
ymaptic configurations can be explained by means of leciprocal trans- 
ications, for the homologous parts of chromosomes apparently attract 
ach other at synapsis. Chains and other queer formations of the 
hromatin material also result fiom the attraction of homologous parts 
of chromosomes that through leciprocal translocation have come to 
occupy abnormal places. 



rio. 118.— DtiigrAin shovviag reciprocal traoislocatioa and catenation. 


Since these abnormal formations of the chromosomes at synapsis 
are found in nature, many having been discovered by Blakcslee, Belling, 
and others in the Jimson A\ced (Datuia), as a\c11 as being possible of 
cication by experimental treatment of plants through irradiation, it is 
assumed that they, along a\ ith all the other types of gene and chromo- 
somal changes, arc responsible for certain evolutionary changes. It has 
been bhoAvn for instance that the F\ hybrid between a North and a South 
American species of Datura shows two circular formations of four 
chromo&omcs each, together Avith eight synapsing pairs. Painter’s 
cUscoAcry of a similar amount of chromatin material in the rat and the 
mouse, although difTcrently arranged, has furnished the b.isis for the 
belief that these tA\ o species have arisen from a common anLostor through 
translocations and gene mutations.* 

The prc-'cnt A\itle complexity of tho geno contents of the chromosomes must 
.iIm) 1x 3 duo in largo mc.isuro to the trunslocations aaIiIcIi hu\o occurred in tho 
past For cvimple, in Drosophila the numerous exjxirimcnU liaxo sliown tJwt 
gtnes producing rc.iction» wliith control tho same pirtof the l>ody (such .as tlio 
c>iO imiy 1x3 loc.itcd in diiTcreut chromosomes. This may be duo to ancitut 
trauf^Iocations which duplu.atod tho gciici, for the particular character conccrncil. 
I-itcr llxio AS Quid become difTercnliatcd from oiio another by ch.vnges in tho 
guiL4, mid wo now find thc.'^o wnuLr gtnes in the different throinosomes all 

* lleiwT, C. C , “Tlio ^^evh uiwii of CfxaliAu i:\olmion,” p. 81. Tho .Macmill m 
tonijKiny, New York, 1U32. 
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producing a reaction on the came part of the body In this iv,y the 
S organ'nia must have been immensely mcoased, and it is 
locations giving nso to transmutations of chnimosomes have ^ 

in the general progress from lo'™r toh,gherorganu,.nsiih.cll has t^^ 
they may be regarded as one of the prime factors in Creative Lvolution 

Inversion— Another typo of chromosomal mutation is that called 
tnvmmn In this situation a portion of a chromosome ’ 
manner become mveretd This might happen because a Phr°moso“ 
became looped upon itself and then faded to uncoil in the normal manner 
This pc^ibihty is indicated m Fig 119 


cOb 


Fio 119 — Diagram o( process of inversion 


An instance of inversion is found m Drosophila j,i„ 

species of Drosophila {melanogaster and s«nuZc7t«) that are into e i 
although the hybnds are sterile Chromosome maps for both 
have been constructed from the data of breeding experiments and e 
show that the genes are very similarly located m the two species 
chromosomes I and IV In chromosome II the genes so far s u i 
appear to be m the same order although there are venations m 
distances between genes in the two species In chromosome III ^ 

are there differences in the distances betiveen genes but in about 
middle of the chromosome ra D simulans a section has become com 
pletely mverted in comparison with D melanogaster 

Deficiency. — Still another type of mutation is that known as dejwicncy 
This anses from the loss or inactivation of a portion of 
which IS not lethal provided the deficiency is not too large and 
orgamsra is not homozygous for the deficiency One of the best knoiM^ 
examples of deficiency is that leading to the production of notched ivings 
m Drosophila Notch behaves as a dominant, is lethal when homozy 
gous, and is located at about point 3 m the X chromosome ^ 

A Notch female from a red-eyed stock crossed with a white male gives Notch 
and normal offsprmg as expected, but all the Notch flies show the recessi\ c i' h> 
cj e (which IS located at 1 5), as though the Notch female contained no wild tjT® 
allele of white The normal winged flies are all red-eyed Similarly, the 
facet, at 3 0, showed this peculiar pseudodominance when crossed wath No j 
and the gene Abnormal at 4 6 was also affected Bridges and Mohr, who studied 
this condition, assumed that Notch was due to the absence of a piece of chromo" 

‘ SixNOTT, Eduund W , and Dunn, L. C , “Pnnciples of Genetics,” 3 d ed , PP 
233-23^1, McGraw-lIilI Book Company Inc , New York, 1939 
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ime in this case bearing the loci from white ihrough Abnormal. This was called 
deficiency and in conformity with the assumption, the map of the X in Notch 
. about four units shorter than normal. Much later the actual absence of this 
action of the chromosome in Notch females was proved by examination of the 
ilivary gland chromosome. 


Notch ? tRed Eyed) White d* 



Notch White 9 Normal Red ? </0ies Normol Red ^ 


IDeficiencyUtbol) 

Fia. 120.— Tbo inbcrltanco of ootch doficfoncy m DroiophUa mdanogailcr^ (iSfnnofi and 
.Dunn, Principles o/Gcnclics.) 


Duplication. — We have seen in the previous section that a chromosome 
may become deficient or lacking in certain genes by a portion of a chro- 
mosome becoming lost. This might occur through unequal crossing 
over between two homologous chromosomes. If this happened, the 
unequal interchange, besides producing a deficient chromosome, would 
also give rise to a chromosome with some genes duplicated. This is 
illustrated in Fig. 121. 

One of the above chromosomes is 
deficient for genes D and C, whereas the 
other has a double dose of these genes, t.c., 
they are duplicated. 

A chromosome fragment, however it 
arises, is kuoN\n as a duplicalion, and it 
may exist by itself or become attached 
to some other chromosome. 

One of the best known duplications Is that of the bar eye pattern in 
Drosophila, long known as a dominant at point 57 in the X cIironio.sonie. 
Zek-iiy found lliat homozygous bar-cywl flies very occa*ionally pnxluced 
nonii.il rouiul-eyisl olT.spring ami even 1 cm frequently the ultra- or 
double-bar pattern, lly tlie use of other mutant genes clo^c to bar, 
Sturtevunt and Morgan showed tlic.*>Q c.'cccptiuas to l>c due to unequal 


I'iO. 121. — Diagram illuetrating 
buth dcnciciicy und duplicutloit duo 
to uncq.ual crosaiiig over. 
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cros.ms over at the bar region, so that the normals sho 
deficiency compared mth bar and the double bar a d.i 
the normal flies showed no actual deficiency, it was r 
originaUy a duplication These facts have bet 
Bndges’s cytological study of the s^ivary-gland c 
shows bar to be a duplication. The further fact that 
separate chromosomes produces bar, »“<> 
occurs m one chromosome, it produces double bar led bi 
conclusion that the position of the gene in the chrommomi 
nature, was mfluential m the final effect produced This is 

eSccl thcorj , 

Duplications may also arise from crossing over beta eei. 
portions of two chromosomes as illustrated in Fig 122 


''+23I” 42JI 

Ssnetps s inverted Non cross over 

Chromatids chromohds cj 

iia 122 — Diasram of duplications due to inversions 


Cress over 

chromatids 


Heteroploidy — A new organism generally arises from the 
egg and a sperm m each of which the number of chromosomes la 
reduced to the half or haploid number (n) The coming togeine 
these tw o half numbers at fertilization again restores the chromo 
to the diploid number (2n) Sometimes a new organism gets one 
two) too many or one too few chromosomes and is therefore 2n 'J .. 

2fi — 1 Many of these are viable and have been studied both gene J 

and cytologically These mdividuals differ slightly from the ^ 
in appearanco and are often less viable, Ic'^s fertile, and do not brcc 
In Drosophila, forms arc knofWTi that lack one member of the sma 
pair of chromosomes Such a fly with only one IV chromosome ^ 
called a /lapIo-W fly, and one avith an extra IV chromosome is ca <- 
tnpIo-W fly These mdividuals, mth anj greater or smaller num ^ 
cliromosomes than the normal for the species, vary from the nomm 
greater or less extent In other words, the normal number of chro 
bomes IS neccbsary for the production of a “normal" individual, tbo B 
Ilua docs not mean tli.it those individuals not having the normal num 
of chromobomes w ill ncccabartly bo unable to surviN c and lca\ e ou P 
Tnplo-I\ Drosophila haao narrow, pointed wings, smooth 
course bristles Wien crossed with ejidess, they give 14 tnplos 2 " 

t V !» Thc-M. triplo F i flies crossed back to e> cle*s giv e 5 w ild type 1 
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less. Nondisjunction of the two X chromosomes, discovered by Bridges, 
produces another form of heteroploidy. White-eyed females crossed 
with red-eyed males should yield red-eyed females and white-eyed males 
but occasionally do just the opposite. owing to nondisjunction of the X 
chromosomes following synapsis. 

In the Jimson weed, which has 12 pairs of chromosomes, Blakeslee, 
Belling, and their coworkers have discovered many types of heteroploids. 
Any one chromosome present in a triple dose gives what is termed a 
'primary heteroploid. All the possible .12 primaries have been studied, 
and each of them has a characteristic mutant appearance. Another 
type with the extra chromosome made up of parts of two homologous 
chromosomes rather than being just an additional whole chromosome 
is called a secondary heteroploidy and still another type with the extra 
cliromosorae made up of parts of two heterologous chromosomes is called 
a tertiary heteroploid. These latter two types give many peculiar ring 
formations of the chromosomes at synapsis. 

In the evening primrose (Oenothera), in which the diploid number of 
chromosomes is 14, the following number of chromosomes, according to 
Gates, have been reported: 15, 20, 21, 23, 27, 28, 29, 30. Those with 
other than 14 chromosomes have definitely distinguishing somatic char- 
acters, which indicates again that the characters are under the control 
of the genes. 

Haploidy. — The haploid condition is normal in some species that 
reproduce parthenogcnetically, e.g., bees, wasps, some moths, and rotifers. 
A few other species can be made to^ reproduce parthenogcnetically by 
artificial means, e.g., certain amphibians. This has recently been 
accomplished by Pincus in the rabbit with the probable early restoration 
of the diploid condition in the embryo by means of division of the cluomo- 
somes without subsequent division of the cell. Artificial haploids aro 
generally small and lacking in vigor and .very rarely produce viable 
giunctcs. Where viable germ cells arc produced, they are undoubtedly 
the result of mciosis ^vithout reduction. Haploids can be induced by 
various environmental means such as cold and irradiation. 

Polyploidy. — Forms uith some multiple of the haploid number other 
tluui two are called polyploids. The most frequent ones found aie 
triploids (3a) and tctraploids (la), uitU occasionally pcntaploids, 
hc.\aploids, and octoploids api>caring. Polyploids arc known in many 
plants, c.g., Datura, Oenothera, tomatoes, and .some mosivs, and in a 
few of the lower animal forms, inchuliug Dro&ophila. They ])robably 
arbe natur.dly through failure of the genu cells to divide after the nuclear 
material has ilivided. They can iibo be induced artificially by \arious 
envirfmmcntal agencies, and recently a mcthisl for inducing polyploiils 
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fral^e genially larger, heavier bearing, tetraplo.d 

Tnploids generaUy resnlt {rom the crossing of diptad an^ 
parents Keproduction by these forms ,s, as 
iot the three seta of chromosomes assort at ran 

combmations, thus givmg very few functional gemcc^s 

Tetraploids are of two sorts Those which ” ^ally, 

are caUed uuloWrapWs These reproduce tber at 

for the four members of each set of chromosom jiomologues 

synapsis forming a quadrivalent from which ^ tetraploid 

pass at random to each gamete A cri^ o a purp . ^ jpp pp) 

Datura (PP PP) and a flowered (pp pp) gives a purp _„ndoin 
anil mtio of 36 purple 1 whim, for the gametes formmg at random 

'''Tltmptads^oSlrf‘bl■ mosses between two 

subsequent doublmg of each parental mt * led by 

tetraploid, are called aHotelraplmds One of these was ^ ^[^3 

ICarpeehenko in 1928 It resulted from a successful ^ 9, 

radish and cabbage The haploid number m each of .ujed 

so that the F, hybrid had 18 chromosomes These hyta^ P 
a few seed, enablmg an Fj to be produced Some of these ri P 
resembled the hybnd and on examination were found to co 
chromosomes Study of the meiotic divisions of the Fi snoi 
univalents, mdicatmg that no painng had taken place between t 
and cabbage chromosomes It is assumed that the Ft resoute 
umon of gametes ^\^th the combined chromosome make-up 
were evidently tetraploids with 18 radish and 18 cabbage chromoso 
Tlicbc plants were fertile and bred true, each transmitting 9 radis 
9 cabbage chromosomes through each germ cell This 
h>bnd 13 a new, fertile species that cannot be crossed back on e 
parent It demonstrates that new species can arise from species 
genera crosses It is, m effect, evolution at w ork 

If an> change in tho gene complex or in the distribution of c o 
bomes anscs in the egg or bperm that are to give nse to the new m 
ual, in the developing embryo previous to the laying down of 
plasm m its testicles or o\ ancs, or m the viable germ cells produc 
the individual after sexual matunt>, vanations will result in the 
spring vvluch may be heritable Aberrations in the 
chromosomes maj occur at any of the millions of cell divisions 
must intervene between the zygote and tho completelj developed i 
vidual Many such abciralions are known This means, of cou » 
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that any animal may, under certain conditions, transmit characteristics 
■which he (or she) does not exhibit and may not transmit characteristics 
which he (or she) does exhibit. 

I^Iutations and freaks should not be confused. A mutation is a 
sudden germinal ■variation that breeds true. A freak is probably a 
sudden somatic variation, such as a two-headed calf, a six-legged pig, 
and many others that may be seen at the circus but which will not breed 
true. The freak has no genetic value, and, although the mutation may 
not have value, if often does, and, because of the fact that it breeds 
true, the characteristic may be perpetuated. 

Breeding Systems and Variation. — It is obvious from the foregoing 
that genetic variation is dependent on what transpires in the genes 
and chromosomes. In addition to these gene or chromosome changes, 
however, there is the further consideration of the sorting out of the whole 
genetic material into different sorts of combinations. Self-fertilizing 
plants tend to separate themselves into homozygous forms. If one of 
these plants were Aa, its offspring would be yi AA, ^ Aa, yi Con- 
tinued selfing would constantly change the proportion of the genotypes 
according to the formula 2** — lAA:2Aa:2" — lao, where n is the 
number of generations of self-fertilization. In other words, about one- 
half the heterozygous gene combinations become homozygous each 
generation the inbreeding is continued. This is true for every pair of 
heterozygous genes that the original parent might have possessed. 
Even with 15 pairs of heterozygous genes, practically all of them will 
have been separated out into homozygous forms by 10 generations of 
selling. There would, of course, be many combinations of these 15 pairs 
of genes, but they would all be sorting out into homozygous forms. 
With two pairs of genes, Aa Bb, wc would be getting AA BB, AA hb, 
aa BB, and aa hb forms, or 2®. With 15 pairs of genes, wo would get 
2** different forms. Selfing is of course tho closest sort of inbreeding 
possible. It should bo noted that, granted equal viability, the number 
of recessive and dominant genes in the population remains tho same. 

Inbreeding, therefore, is seen to have a direct effect on variation. 
When it is practiced, tho population tends to increase in variability by 
becoming broken up into many separate, though highly vmiform, families 
or btniins. This, of course, offers greater opportunitic.s for selection 
within desirable uniform lines, aiul, when this sort of selection is prac- 
ticoil, tho population becomes more uniform, owing to tho selection, 
however, nithcr than tlio iuhnsaling. 

In tho higher animals, however, selling is not po.Sftiblo Ijccau.so tho 
union of an egg and a bi>crin produced by two soparalo individual.-* w 
nccessarj' to produce a new individual. If wo start with tho animal'i 
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Aa aud .la aud thcr oEfsprmg mtcrbrccd frealy, the 

become HAA, K Aa, aad M«« f tend to 

equal viability, just as numerous as the dominant an 

blome obliterated unless it has a loam survival value or ^ess se 

IS practiced against it matevor the onginal 

genes is, the mechanism of inheritance tends in a freely 

population, to mamtam this proportion If tve *'>*' 3 ^ j 

Lgmal proportion of A, and 1 - « the ^’eteo- 

m any succeeding generation the proportions of the homo- and 

zygotes will be q‘‘ AA 2g(l - q) Ao (1 — qY aa recessive red 

If MO knew that 1 per cent of Holstein calves were the recess 
(aa), then we would also know that 81 per cent were homo^ygo ^ ^ 
(Adi and 18 per cent heterozygous (Aa), because, if (1 31 ’ 

then (1 - 3) = 0 1, and, since the whole population is unity, or , 
must equal 0 9 and 3» 0 81 and 2g(l - 3) = 0 18 If "/'f 

practiced m this populatioa, the proportion of homozygotos wo 
course be increased at the expense of tho heterozygotes 

The above discussion of genetic equilibrium applies only to ^ 

populations In small populations, however, the mechanism of i e 
anco tends to reduce vanation by eliminating certain genes at the s 


time that it is fixing others m a homozygous state , 

Hickmg. — If offspring of certain matings are of a high order of 
lenco and in general better than their parents, then breeders say 
“nicked” ^ncU It sometimes happens that the mating of two ^ 

animals results m the production of an outstanding individual from 
standpomt of type, performance, or both This effect may, of course, 
largely due to environment It may, on the other hand, be 
inheritance Possibly each parent was lacking m certam genes 
would make for excellence although possessing a great many o 
necessary genes If the two parents lacked m different genes, the o^^ 
spnng might get a full complement, some from each parent Crosses 
%\hite-eyed and e>eless Drosophila result m normal red-eyed offspnng 
One parent is recessive for a pair of genes making the eyes white, tno g 
it has tho normal genes for presence of eyes The other parent is rece:^ 
8IV0 for tho genes for presence of eyes but has the normal genes for re 
eyes When mated each parent supplies what the other lacked, t u 


gi\ ing normal red eyes 

It must be remembered, however, that these offspnng are hetcroz> 
gous and cannot breed true Sometimes the argument that geniuses 
do not alw aj s liegct geniuses is used against tho chromosomal theory o 
inhentancc If, however, the gemus arose as did the red-cyed flics jus 
mentioned, we would not necessarily expect him to beget geniuses, 
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that in place of refuting the theory of inheritance, facts such as these 
tend to substantiate it. When favorable “nicks’’ arise, their breeding 
ability must receive careful scininity before they are approved, because 
it is possible that their diverse origins will be manifest in their offspring. 

Prepotency. — The term prepotency is often used in rather a loose 
fashion and is applied generally to males. It is usually thought to be 
associated with the general characteristic of vigor. That is, it is applied 
very often to an outstandingly vigorous male. The term really means 
the ability of an animal, male or female, to stamp its own characteristics 
on its offspring. For instance, the Hereford bulls used on the grade 
cattle of the range generally put white faces on all the offspring of such 
matings. If a Hereford-Angus cross is made, however, a white-faced 
black-bodied*' polled individual is produced, and the question arises as 
to which ammal is prepotent. Some will say the Hereford because of 
the wliito face on the offspring. Others will say the Angus because of the 
polled characteristic and black body. The truth is, however, that one 
is not justified in spcalring of either animal as being prepotent. The 
animal is not prepotent; the various characteristics that the animal may 
cxliibit may or may not be^ prepotent. In this case, polledness of the 
iVngus, white face of the Hereford, and black body color of the Angus is 
each prepotent. The samo results would bo secured no matter which 
one of the breeds in the above cross w’as selected as the male and which 
one as the female and also regardless of vigor. Graphically the results 
in regard to these three characters and with the dominant characters 
italicized might bo represented as follows: 


PP polled 1 
ww black face > Angus 
BD black boJy) 


PP homed ' 

WW white face -Ucreford 
bb red body 


./ 


PpWwDb 

polled, uhttc-faced, Idack-bodud crossbred 


It is not enough, however, to say that certain character.^ arc pre- 
potent. When tho above crossbred produces spermatozoa or ova, as 
the c:usc may be, tho factors will sepamto and recombine into all tho 
poisiblo combinations, reduction taking place at tlio s;uno time, so that 
ova or spennatozoa of tho following make-up are produced: P]VIi 
PWb, PibU, Pwb, pWn, pwB, pll't, pwb. If one of tho above cro-sshreds 
is mated to a Hereford pure for horns, white face, ami re<I hinly, or 

* Tho .Viigu# might bo hctcrurygous for Color and Ihcrcforu givo ri«3 to a rvtblxxlirtl 
ralf. 
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m W^Y W), and hence capable of producing only pWb 

ovajclos udl result 60 per cent of which w.11 be homed and Mpr co t 

°I which will be red-bodied. Thus, tho characters winch o™ ^ ^ 

potent in the puiebred, viz , polledness and black body, CCMO 

prepotent in the crossbred, because the cro^brcd ,,3 t„ 

kind of reproductive cell, actu^ly producing eig 

these thiee characteristics of horns, faxo color, and y 

above characters are simple in their nature, being controlled ^Pee^ 

by one factor, although many other factors may bo involved. Accora 

to Wright: 

Most characteristics probably depend on a large number of l^ereditaiy 
but nevertheless the nature of prepotency is believ^ H “"mt hy * 

So far as there is prepoteney, it is a property of 'hi”'*”"®* “ f sexes, 
hereditary units back of the charactensUes), not of individuals, brec . ^ 

and whatever tho characteristics, there can be no prepotency unless tlie 
produces only one kind of reproductive cell so far as it is concerned , 



riQ. 123 — Inheritance of 


t recessive pattern of white spotting seen i 


The parents (i«f0 are a fiomozygous hooded mother and a heterozygous Iiw 

ly) An entdro litter of their young is shown at the rig*^' guctua- 

{From CasUe, 


hooded” rats. 
Iiish^ father 

(black with wlute belly) An enUro litter of their young is shown at the ri| 
homozygous hooded like the mother five are heterozygotes like the father 
tion m both classes Such fluctuations are found to be in part heritable 
Genelic* and Eugenie$, HoTvard Vmvers\tjf Press ) 

Technically, prepotency depends upon the character being dominai^ 
and the individual being homozygous, i.e , tho individual must carry ^ ^ 
in its chromosomes, not Aa or aa. The more prepotent an mdiviuua > 
the less the probability of variation, good or bad _ . 

A prepotent animal will have offspring that closely resemble it, 
whether or not these offspring are themselves prepotent will depend 
what genes they got from their other parent. If they have many homo- 
zygous dominant genes, they wall be prepotent. An animal is seen, 
therefore, to be unable to transmit its own prepotency because it con 
tributes but one-balf of its total inheritance to any of its offspring. 

Variation Guided by Selection. — Although it may be quQstione 
whether selecting animals with a defliuto end in view can spccifina y 
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be said to cause variations in that direction, it is, nevertheless, true 
that one variation in a given direction seems to make other variations 
in that direction more probable. Thus it is well known that by selecting 
in Holsteins or Ayrshires the proportion of pigmented to nonpigmented 
area may be shifted from one of almost entire pigmentation to one 
almost white. Likewise, in Herefords, the white of the face, which 
behaves as a unit in inheritance, may be increased or decreased in area. 
Functional variations, such as speed in horses, milk production in cattle, 
wool production in sheep, etc., can also be guided by selection — in fact, 
it has been selection, both natural and artificial, that has given rise to 
most varieties and perhaps species. Castle states^ as an interpretation 
of factorial behavior in such selection: 

Many students of genetics at present regard unit-characters as unchangeable. 
They consider them as impossible of modification as are the atoms. To recall 
Bateson’s comparison, the carbon and oxygen of carbon monoxide, CO, arc cacli 



I'lQ. 12-1. — 'A series of grades for classifying tho plus and minus variations of tbo 'whito 
spotting pattern of hooded rats, (f'rom Cattle, Oendirs and Eugenict, Uanard UniccTtUg 
Vtcu.) 

unchangeable. Adding another atom of oxygen docs not alter them, though it 
changes nidically the compound formed tthich becomes carbon dioxide, CO:, 
possessed of very difTcrent properties. But tho carbon and tho oxygen are still 
there unaltered and recoverable. This question is one of grcitt pmctical impor- 
tance — ivro unit-cliaractcrs as cowsUint as atoms, so tliat e can merely recom- 
bine them, or arc they different in nature from atonw so that uo can modify .os 
tvcll ;ta recombine them. Much careful work luis been devoted to tho solution 
of this question. It ^^as at first u&tumcd from chcnucal analogy that chanictcrs 
>vhich buluivoaaunltsin hcrcility must, like C and 0 in tho case of carlran dioxide, 
emerge from combinations unmodifieil. But presently c.ise after c.uvO c.imu to 
light in \\hich this not true. vVlbimsm emerged from cro's.v.'s tainted with 
r»)!or; clear yellows cmcrgctl from crosses intensificil to re<l, or dilut<Ml to eream, 
orKX)ty with minuto qu.intiU4 s of bLick; pittcniH ‘^nrh as are seen in Dutch <jr in 
llngli^h r.ibhiti, or In l>o<Hled niU, cnurrgetl con*>idcnibly :Utere<l in ai)i>canune. 

‘ Cahtu:, W. II, “Cirin tirs and Biik» nic*,*' pp. 237-210, HAr\nnt t’niwrwly I*rr^, 
Caiuhrwige, 1030. (Ilrpniite«l by jx-nnn^n of tho Pnsudeal and Fellow* of 

ll-ir%aitl C-ollrgc.) 
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Facts BUcli as these nere mterpretcd m two different wajs to 

some that the actual mut-character. factor, or that 

quantitatiae and possibly to quaUtatiae change y la ernes but to the 

the obsem ed character changes a ere not due to changes m smgle g 
supplemental or modifying action of the otlwr genes may 

Hooded Hats and Selection.— As a test of these rival interpretations, we J 
discuss a typical case The hooded pattern of the\ood.^<i 

unitchaiacter allelomorphic to Irish pattern or to self in crosses sbahtly, 

pattern as seen either m pure-bred or m cross-bred httera of young 
Ld such variations have a genetic basis smce by selectmg either 
the blackest individuala, one can either whiten or blacken the g 

condition Itaces corresponding vnth the extremes of ® l,ad 

were thus produced The quesUon now arose whether the observed change 
occurred as a result of change m the smgle uniheharacter or gene ^ 

cemed m the case, or whether this was due to other agencies To test the IM 
the selected races, now modiffed gcneticaUy m opposite dwections nere c 
repeatedly with a non hooded (wild) race The recessive hooM 
diSppea^ m Pi but was recovered again in Fi m the expected 25 per cent of 
this generation These extracted hooded individuals, following 
Icbs dn ergent than their hooded grandparents from the ordinary hooded P® ^ 
After three tuccessiie crosses (six generations) the whitest mdividuals c ^ 
from the dark hooded race v, ere no darker than the darkest mdividuals ex 
from the white hooded race In other words repeated crossmg with the 
hooded (wild) race had caused the changes m the hooded character, wnic 
been secured by selection, largely to disappear The conclusion was drairo 
the hooded allelomorph itself had remam^ unchanged throughout the se W 
experiment, and that the phenotjpe had been altered by associatmg ^ 
hooded gene a different assortment of other genes m each of the selected rac ^ 
these serving as genetic modiffers In the course of the selection expenraen 
mutation was observed to occur in the plus senes to practically the Irish s 
This is not mcluded m the summary but is mentioned to show how it is posai 
for selection to be aided m its progress by the occurrence of 
genetic changes, no less than by the sorting out of variations ongmally pre 
in the foundation stock. Apart from the mutation mentioned the resul ^ 
selection m this case show condusively that the changes obtained had not occu 
m the gene for the hooded pattern, but in the residual heredity Other cases 
apparent gradual change m unit-characters under the action of selection 
be cxplamed m a similar way Accordin^y, we are led to conclude that un 
characters or genes are remarkably constant and that when they seem to 
as a result of bjbndization or of selection unattended by hybridization, 
changes are rather m the total complex of factors concerned m heredity than 
single genes. 

Types and Frequency of Variation — All animals will produce varia- 
tions to a greater or less degree, depending upon the interaction o ^ 
great nian> factors bomelimes extrtmelj valuable animals ansc froiu 
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the mating of mediocre parents. Such variates should be studied 
carefully as to their ability to transmit their own desirable features, 
and nothing along this line should be taken for granted. Of decidedly 
more value than the animal that produces one such outstanding indi- 
vidual and a host of inferior ones is the animal that has a tendency to 
beget a uniform lot of offspring better than the preceding generation, 
even if the increase in excellence is small in each individual. 

Innumerable instances could bo cited of full brothers that are evidently 
genetically unlike, because their offspring are very unlike. The same 
is true of full sisters; e.g., in cattle, one sister is often vastly superior to 
another in milk production. It is quite evident, therefore, that variation 
is a veiy potent and ever-present force molding new forms both ana- 
tomically and physiologically, and that its mechanism is to be sought 
in the genes and chromosomes, their interactions with each other, and 
their potentiality for individual change. 

Summary. — ^Wo have seen in this chapter that the genes and chro- 
mosomes may undergo a great variety of changes. As wo would expect, 
such gone or chromosomal changes tend to bo hereditary, for the genes 
and chromosomes are the actual mechanism of inheritance. The 
broedoTs’ raw material for fashioning finer animals is variation. Ho 
must dotormino what the cause of tho variation is and so plan his breeding 
operations to conserve tho good and weed out the bad variations. Ho 
does this largely by selection and systems of breeding. Genetic variation 
is a complex mechanism and is made more difficult by the effects of 
various types of dominanco and cpistasis as well as by tho fact that 
most characters arc more or less elastic under different environmental 
influences. understanding of tho underlying mechanism of variation 
makes us more cognizant of tho inherent difficulties involved as well 
as more confident of ultimate success when our understanding of prin- 
ciples is fully mature. 

References^ 

* Sco lists .it end of Ciwiis. XI and XII. 


CHAPTER XVI 

THE PRINCIPLES OF VARIATION iConimued) 


As stated m the previous chapter, there are two sorts of variation, 
genetic and somatic We have seen that any changes m the 
chromosomes may be inherited, because the genes and^c omoso 
from the parents form the actual “bndge of inheritance + 

individual and all of its millions of ancestors We also learned 
vanations might be due to internal or to external stimuli n 
chapter wo shall bo concerned pnmanly with somatic variation 
are generally caused by external stimuli, or, m other words, by 


I the 


It seems almost certain that early in the evolutionary proceM 
ensironment must have wielded a marked influence on the simple o 
of life and caused their germ plasms to vary m different w ays 
mentally, this is possible in plants and lower animal forms today ^ 
the higher animals, however, with their various adaptations for pr 
tccting the delicate germ cells, the possibility or extent of such 
influences is much lessened Parallel induction (same influence affec in 
both soma- and germ plasm) m the cases of alcohol or lead poisonm 
must be admitted, but here the effect appears to be temporary 

Environment and Somatic Variation — Among the effecti% o externa 
stimuli are hght, temperature, food, moisture, and other 
tending to make the organism dev lale from its normal as specific 
the make-up of the germ plasm that gave nse to it ^Vs pointed out y 
Babcock and Clausen, external stimuli may affect the development o 
characters m three wa>s 

1 They may modify tho development of inherited characters, 
rod, white, or blue hght causes marked vanations m the showy 

cv cn though the sev oral plants be of tho same genetic make-up 
peraturo affects tho degree of pigmentation m moths and butterflies 
Pood supply affects the relative size of body parts of Hjalodophinn> * 
crustatean Moisture affects tho plumage color of pigeons , 

2 Thc> actually condition the production of characters whoso ^ 
itarj determiners arc present in the germ plasm For example, hfi 
conditions normal development in plants Temperature, when ’ 
cause-s re-d flowers in the Chint^o pnmrosc, v\hcn high, induces 

41S 
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flowers. The kind of food supplied to the larvae of bees determines 
whether the females shall be fertile (queen bees) or infertile (workers). 
Moisture concentration brings about development of abnormalities in 
black banding on the abdomen of Drosophila, a fruit fly. 

3. They may cause germinal variations that result in the appearance 
of new heritable characters. 

IModifications may be impressed on the soma from the outside; genetic 
variations are expressed from the inside, specifically from the germ 
plasm. The latter are heritable, whereas modifications seem to bo 
nonheritable. If it is possible to modify the' function of any organism 
in a given way, it must be because the organism inherited the ability 
to react in such a way. This does not necessarily mean that offspring 
from such an individual would necessarily show the same aptitude to 
modification. That would depend on the genetic make-up of the 
individual in question. The possible effect of amphimixis, or the bringing 
together of two diverse bits of germ plasm, must also be taken into 
consideration. Animals of a good strain that are themselves stunted 
and not developed to the limit of their inherent capacities may beget 
offspring of a typo capable of great development. Daughters of scrub 
cows, developed under an environment tending toward full development 
of capabilities, produced 13 per cent more milk and 12 per cent more 
buttorfat than their scrub dams of the same type of breeding, which had 
been developed under less favorable conditions. 

It is the province of animal breeders to develop fully all tho capabilities 
that their animals possess. Not that these so-callcd "modifications'* 
will necessarily be inherited, but, if tho parents exhibit favorable modifica- 
tions, it must bo because they carry that particular typo of germ phism, 
and, unless they are extremely lietcrozygous or amphimixis interferes, 
the offspring of such parents sliould in general cxliibit like capabilities. 
Modification is an aid to selection but liko all other aids must subject 
itself to the breeding test. 

Acquired Characters. — ^Tho inheritance of acquired characters has 
Vicen called "one of tho historic battle grounds of biology." Tho animal 
breeder is vitally interested in tho solution of tho ([ucstion of tho Inlierit- 
anco of acquired characters. Tho successful breeder seeks to develop 
for himself and to leave to posterity a better typo of animal than tho 
one with which ho Wiis supplied at the beginning. It is perfectly natural 
for him to hopo, and periiaps believe, tliat any incavuso in quantity or 
quality of proilucc ho can bring about will bo cumulative in his tuiimals. 

Ileforo proceeding to a iliscussioii of tho evidence pro and con, it is 
t^s.>entiiil to tiefino hiiecifically what is mount by an acquircil character. 
Shull dolinea accpiirval characten* as "than) moiUfications of bodily 
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structure or habit which arc impressed upon the "‘t 

individual Ue" Thompson !ian stated it, the prec« 
issue is this “Can a structural change m the body, induced y 
change m use or disuse or by a change m ^“"““"'‘■"8 ‘ 
the germ cells in such a specific or representative way that the ” 

^v^ll through its inhentance exhibit, even in a slight degree, the mo i 
tioxis which the parent acquired’” „, 4 q,n 

Any one of the higher organisms is the result of the union o a c 
spermatozoon with a certain ov um The chromosomal conten ° 
particular spermatozoon and of the ovum that have united to pro 
any given individual determines the normal characteristics or 
individual With normal nutriment and a normal environmen ^ 
indi\ idual will approximate its own norm as specified through its m en^ 
ance Noiv^ both the anatomy and physiology of the organism a 
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Fto 125 — Sctematio xepr«sent&t>©n of th© supposed method of transcussion of acQW 
characters. 


perfectly capable of modification, and the precise question at issue is 
whether or not such bodily modifications will be impressed upon t e 
germ cells and thus become a part of inheritance 

In an evolutionary sense all the characteristics that present-day 
organisms exhibit have been acquired, for evolution teaches that m 
ongmated m a very simple form and that it has gradually groivn more 
complex — m other words, has ever continued to evidence net\ char- 
actenstics Even this, however, is far from proof that changes m toe 
somatic cells caused changes m the germ cells May not the reverse 
of the last statement be the truth of the matter? Aligning cause an 
effect into their true relationship is not always an easy thing to do 
L amar ckism vs Weismannism. — Lamarck, a French scientist, 
Darwin, the famous English author of “The Ongin of Species,” believed 
that acquired characters could be inherited, and for a mechanism it 
postulated that the blood stream which bathes all parts of the bo y 
would have something (gemmules) put into it by the part affected or 
by the character acquired and that the blood, later flow^ng to testic cs 
and ovancs, would deposit this something in the ova or spermatozoa 
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and thus bring about the development of the character in the offspring 
This IS the theory of pangenesia 

Weismann has been the chief antagomst of the theory of the inherit- 
ance of acquired characters, and he also developed the idea of the con- 
tinuity of the germ plasm Under this conception the germ cells that 
any individual produces are thought of as arising, as do all the other 
cells of this individual, fiom the original zygote Under this view the 
type of germ cell produced is dependent on the nature of the original 
zygote and is not affected by the soma or body that has also arisen from 
the original zygote The accompanying diagrams should make clear 
the differing features of these two systems 


lia 120 — Schomatio roprc&cntAtion of tlio continuity of the germ plasm Tho drawing 
also illustrates tho fact that germ cells arise from previous germ colls rather than from 
present somatoplasm 

Requirements for Proof of Inhentance of Acquired Characters — 
Babcock and Clausen say 

To satisfy the rigid requirements of an experimental proof any ovidcnco of 
tliL inhentinco of acquired clurictcrs must fulfill the following conditions 
First, 1 specific ch iractcr or modification in the body or soma must bo impressed 
iil>on tho organism by j knonn fisdoi" m ils cnMronmenb or at its excrciso of 
bodily function 

bccoml, tho ch iractcr or modification must be new There must bo no ques- 
tion of the reappearance of ancestral traits or cliarictcrs, or of the specific rcl ition 
of tho dctcrmiiimg fictor to tho chirictcr or modification in question 

liniilj, the induced chin},c m the orgaiiisia must reippeir to some, thou^li 
nut ncccss.vnly to its full dc^,rec m succeeding gencnitious iti the ib^-iicc of thu 
unian d factor uhich determined its production Other conditions in the iifu 
of an offspring must rtnuni unchanj,cd 

Iho probhm of thu inherit meu of acquircrl ehuncters cun 1x5 eon- 
%enicntlj duided into tho fi\o following categoncd (1) unutumicil 
niutlific itioiiH, (2) cn\ iruniiu nt il ino<hnc itions, (3) funetionul mixiifRa- 
tioiw, (1) pithologit il inu<lihe.it)oiis, uid Ci) iw\thologicuI inodific itions 
Anatomical Modifications — iliem are abunduit d it i rtliting to 
iiiutd itions, In 11 tho t u! of isho* p u d<x.kc<I tho p h us icipnn^I i 
til iricti r during Its indi\ idii il ileMlopiiunt ru , t tillt vtiu ■< It ii dso 
r«x« giuzcnl II oiitc th ii ihisih iractcnstic is not jeuv^d on todi xi ndinU 
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of this sheep, but m succeeding generations it will be 

the lambs notwithstanding the tact that docking has 

hundreds or thousands of generations In this “*'=8°'^ j j . 

clipping of the horns of diking of horses ad cl. 


earn and tads, etc In none of these ca^ is ““l^^^^tt.oned 
t'nued m the offspring In the human family, there m g _ 


t’nued m the ollsprmg in xne uumuu — - —o also 

circumcision, -which has been practiced for thousands of y , ^h-nese 
the binding of feet to prevent their full development practiced by 
women Here, no more than m the cases cited of farm animals, 
found evidence that these acquired characters are being mhentea 


the slightest degree «. .v a i mice for 

Weismann in order to test this hypothesis cut off the tads of 
19 generations in succession and secured no shortening o ® ^ 

absence of tails in any of the descendants As Walter remar ^ 
good thing that children of warriors do not inherit their parents o 
scars of battle else we would have long since been a race of cripp 
The same author also remarks m this regard that “evidently woo 


are not inherited but wooden heads are ’ 

Environmental Modifications — The second category is that o env 
mental effects Examples from both the plant and animal king 
be cited Capsella, a wayside weed, has gradually climbed to a ^ 
tamous habitat As it climbed it “acquired” a dwarf character— a 
It grows luxuriantly m the valley and is small, compact, and dwar e 
its mountain home, and, when taken back to the valley, continues m 
dwarf characteristics This can just as well if not more logics 
explained by saying that those plants gerrainally constituted so tha 
grew somewhat dwarf would, for that reason, have a better jy 

surviving under the more rigorous conditions and decreased food 
that prevail in an ever-mcreasmg degree as the mountains are ascen 
In other words, the force brmging about the change was not the 


ance of acquired characters, but “natural selection,’ which no 
always has and always will, provided man does not interfere, wee 
those types and individuals poorly fitted for their environment a 
preserve and prosper those better fitted to survive under the exis 
conditions ^ 

Another example is the wind lashed trees of our sea coasts, wit 
the branches growing out on the land side and pointing landwar » ^ 

it IS not known that seed from such trees would produce trees with 
peculiar habit of growth if the trees were grown where the almost stea 
sea breezes did not blow The case of the persistent sunburn of " * ^ 
men long resident in India might also be mentioned, but this “acquir® 
characteristic” fails to reappear m their children bom in England 
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Ponies inhabiting the Shetland Islands are dwarfed because of the 
harsh climatic conditions and resultant scanty food supply. If brought 
to America’s corn belt, such animals would no doubt give rise to offspring 
that would greatly excel them in size. Now, if these larger offspring, after 
reaching maturity, are returned to the Shetland Islands, will they con- 
tinue to produce offspring that will attain large size? It is very unlikely 
that they will, and, even though they did, natural selection would give as 
logical and perhaps a more reasonable explanation than the inheritance 
of acquired characters could muster. 

Fimctional Modifications. — ^The third category relates to inheritance 
of functional modifications due to use and disuse of parts. From a 
practical standpoint, along with the inheritance of disease, this probably 
furnishes the most interesting phase of the subject. It will be well at 
this point to examine critically just what is meant by acquired characters. 
Is the term more or less a misnomer? If so, would it not account for 
much of the loose thinldng and arguing over the much-debated question? 
As Davenport suggests, the differences between animals in a given species 
are differences of degree and not of kind — they are quantitative and not 
qualitative, Horses show horse characteristics and not rabbit character- 
istics, except as both have certain general characteristics in common; 
cattle show characteristics of the cattle family and not those of the swino 
family, except as they have certain ones in common. Horses have draft 
power or speed, cattle give milk, hogs lay on fat — some, of course, to a 
greater degree than others — but they all exhibit the characteristics of their 
species and not tho particular characteristics of other species. In other 
words, they inherit in tho germ plasm all tho potentialities of their 
bpecies in greater or less degree, depending upon tho strain to which they 
belong. In addition, the environment in which they develop and live 
determines how far these potentialities arc developed. Therefore, if a 
horse is able to trot fast because of his having inherited tho tendency and 
because tho tendency has been given play for full development bj' a fast 
track, careful trainer, proper harness, etc., or if a cow inherited tlic 
tendency to produce large quantities of milk and this proclivity is subse- 
quently fully developed by proper care, feeding, and management, is tho 
i\.ssumplion at all justified that theso animals have actiuircd any new 
chanictcriatics? Tho fair answer is that no new characteristics ha\ o been 
accjniretl by either tho horse or tho cow. Inherent chanicters have l>een 
dovclojK‘d, perhaps exceedingly ^^ell tioveIoi>ed, but no new ones ha\o 
been ac<juircd. 

'llio point at issue is whether or not any incre:UiCtI functional activity 
wWi bo ivgisU'red in tho germ cells ami thus influence future offHjjring. 
I’mler tliis hciuling Rcdfichl’s theory of “dynamic’’ evolution can he 
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d^cusscd This IS the belief that the exercise 'Xtot 

results m a corresponding storage of energy in that 

the effects are transmitted to s theory Mould posts 


the effects are t 

these “acquired characters” are ----- - ^,,1 .-tn s 

late that, if a coi\ -a ere developed from ^ 8,Ma-lb be a 

16,000-lb ten-year old, the calf produced m her ^ j „ jears 

much higher milk producer than the one produced when she wim i 
old, owing to the cumulative effect of the incre^ed 
attained, the same bull having been used to sire both heifers 
distinct practical bearing m all classes of hvcstock 

In his work to try to prove the existence of the inhentoc 
acquired character or development in fast horses, liTtaken 

the average ago of the immediate sires of the first 1.™® ^ t„,,ndtobe 

alphabetically from the American Trotting Register, which he f 

9 43 years He then computed the average ago of all me sir , 


generations back, of the entire class of 2 10 trotters, a 

t a admission to tne reg" 


that dealt -with previouslj, the upper limit for wx. 

being 2 30, and this a\ erago be found to be 13 years From this m ' 
he concluded that the 2 10 class \\ as faster than the group first 
because their sues had gradually grow n more speedy as they mcr 
age up to thirteen and that they had transmitted this dynamic e> 
ment to their offspring 

Marshall cntically points out the following shortcomings m 
field’s work In the first place, he took m one case the imme la 
and, in the second case, all the sires included in the four-genera 
pedigrees Marshall reminds us also that these four generations ca 
us back over the formative period of the trotting horse to the 
Hambletonian 10, who w as himself a great sire of speed and left many 
and grandsons which, bred to taster mares, were even better sires o 
than he Taking only the immediate sires of the 2 10 list, as was ^ 
with the first list of sires, Marshall finds the average to be 9 
nearly the same figure Redfield secured for the first group, 9 4 > 


cvidencmg no advantage of the old sire over the young one 
In this matter of increased speed m succeeding generations of 
it has not been proved that functional modifications ha\ e not been 
linued m the next generation, though it is a biased mmd w hich wo ^ 
attribute all increase in speed to this factor and fail to recognize p 
bilities in amphimixis, possible mutations, better environmental i 
ences, better harness and tnunmg methods, faster tracks, more s 
dn\ ers, etc Mso, as has been suggested pre\ lously, is it not more i 
that the germ cells caused the somatic changes rather than that the 
caused the germinal changes^ 
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There is no conclusive scientific evidence in support of the inheritance 
of “acquired characters” regarding functional modifications or use and 
disuse of parts Tins fact, however, should not influence breeders to 
decrease their efforts to provide the most favorable environment and to 
attain the fullest development of their breeding stock Whether oi not 
functional modifications are inherited, bleeders should still seek the 
germ plasm carrying the greatest possibilities for high class production 
and should seek, when offspring come from such germ plasm, to place 
it in the best enviionment and supply the best possible feeding and 
management in order that its inherent capabilities may be developed to 
the fullest extent Not that one must believe that this acquired develop- 
ment will be transmitted, because there is no sure ground for any such 
behef, but it is desirable to know the hoise of greatest speed, the cow of 
highest production, the meat animals with the greatest tendency to 
grow, and the sheep capable of the greatest production of high-quality 
wool and mutton, because, if in general “like does produce like,” it is 
such germ plasm that should be used for increasing herds and flocks 
Pathological Modifications — The fourth category, viz , the inheiitanco 
of disease is also a consideration of vast practical importance It should 
bo borno in mind that, from a scientific standpoint, the only thing that 
is inhented is the germ plasm, more particularly, the various factors 
earned m the chromosomes From this standpoint it uill readily be 
seen that there is no more true mhentance in the case of disease than 
there ivas in tho case of functional development Tho problem, however, 
like the latter, has a very practical bearing, and although it may bo 
Slid that 111 neither case has tlic affirmative been pioved, yet this lack 
of proof docs not necessarily preclude the possibilitj of its oMstence 
One of the commonly cited cases under this licading is that of tuber- 
culosis This, however, is clearly a case of reinfection in tho offspring, 
abundint oppoitunity for winch ls furnished m tho intim itc rclitions 
between parent and offspring, though it is \cry possible and no doubt 
true th it the tcndeiic> or susceptibility to tho disease is inhented m tlio 
dcfcctiie germ pi usin from which ha\c come both pirent and offspring 
It is well known that it is possible to produce hcalthj c lives from tuber- 
eul ir tows and bulls, provided tho calves are at once icinoved upon 
being born and taken to i cl< in bim — in other words, that the oppor- 
tunity for llic poixiits to n uifeet tho olTspnng is removed 

In this reg ird, it mij be well to inention tlio factor of immunity to 
(ertim th'^ im.s tint exists in dilTerent s|)eties anil vunuties If, for 
ULslnuo, a husk^ Irish polteitnan ind an inemie Tew empiovtd in i 
hwe it shop were both expontd to tho samo kind and mU iisitj of tuU r- 
culosi't, thu huaky poheunan would be more ii iblo to auceuinb to the 
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dibease, because, m the Jouish race sdeet.on 

a partial immunity to this disea^ , ® ter resistance 

natib e cattle of lexas because of the former's ‘-'y ‘ ^,,„,„a, 

to tick fever The mulcfoot hog is often claimed to 

though the claim has never been scientifically tested a present m 

The microscopic organisms causing various ov um 

the blood of a parent, may bo carried to and dcpositc 
before it is fertilized Such organisms, although not part of th 
mosomal material that alone is heritable, are carried ■" the 
with It and will thus cause the disease to reappear in the ollspnng, 
other words, the reinfection may come cither previous or su q 
birth The organisms causing pebnne m silk moths lex 
cattle, and syphilis in man are of this type, but ns Walter y 
disease is no more inherited than a gram of sand placed w i 
would be luhented, though, of course, lor all {I" f ’ ,n 

amounts to the same thing, as the olfspnng w ill suffer from the d 

question , , has 

A very interesting study of disease susceptibility and ^esis 
been reported by Dr L C Strong of St Stephens College The folio 
quotation^ is taken from his paper 

My first expenment dealt \nth the inoculation of a mabgnant tissue 
carcinoma) subcutaneously into a senes of hybnd mice of known re a i 
Two ongmal stocks of mice were employed Every individual of the rs 
(dBr) grew the transplant progressi\ely, and every individual of the secon 
(albino) proved to be resistant to the same tissue By crossing these 
tmet races of mice, a hybnd generation, known as the first filial genera 
produced, all the individuals of which reaclcd to the transplant as did e 
ongmal stock, that is all the individuals grew the transplant progressiv e y ^ 
matmg two individuals of this hybnd first filial generation together a ^ 
filial generation was obtamed that contained two classes of mdividuals as ^ 
their physiological reaction to the same transplanted tissue was con 
Three individuals out of every four obtained were like the ongmal suscep 
race and grew the tumor progressively, one out of every four mdiviclu ^ 
negative like the second ongmal albmo non-^sceptible race, a typical 3 ^ ^ 

was obtamed This expenment demonstrates therefore that susceptib i J 
transplantable tumor is dependent upon the same ultimate mecbanisni . 
inhentance of eye pigmentation apparently is dependent on ^tc 

individual grows a transplanted tumor because there is present m its ‘ _ 
make-up at least a single germinal determiner for a special physiological i 
tliat was obtained from the zygote that gave nsc to the individual 

* Strong L C Inhentance of Cancer Jour Hered 16(8) 35o-3G0, lOSl- 
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Roberts and Card have reported^ on a 10-ycar study of the inheritance 
of resistance to bacteiial infection by Salmonella -pullorum in chickens 
Iheir summary and conclusions state 

Trom this experiment, ten years in duration and involving more tliaii 29,000 
birds, evidence has been obtained which clearly indicates that heredity is an 
important factor in resistance and susceptibility to infection with Salmonella 
V^llorum The existence of hereditary factora for resistance and susceptibility 
to pullorum disease is shown by the followang results 

1 Selection was effective in producing strains of the domestic fowl moro 
lesistant than were unselected stocks in respect to infection by Salmonella 
pullorum 

2 The selected stocks were consistent m mamtainiiig resistance through 
successive generations 

3 The Pi generation produced by crossing resistant and susceptible stock 
was as resistant as the resistant parents 

4 Progeny of the Fi individuals mated to resistant were signifitantly more 
resistant than were the progeny of the bitk-eross to susceptible 

5 In the generation susceptible and resistant strains were recovered by 
selection 

0 A susccpidile male mated to susceptible females produced progeny which 
^^cro much less resistant than were progeny of the same male m vted to rcsistint 
females 

7 No Bigmneant difference was found between the progeny of suscciitiblo 
and resusUiiit females nuted to the s.imc rcsistint nulc 

8 Acquired immunity was not present in tiio cxpcnmcnt.il birds, the progeny 
of infected hens exhibiting no grciter rc&isUiiu.e to disease than the ])rogen> of 
nomnftctcd hens, infection an<l freedom from infection being dclermmexl by 
iliQ uggfutimtiou te-st 

9 UesisUuue ts domiinnt to husceptibilit^ , but prohibit more than one 
gciio IS involved 

10 In in ex.imm.itiun of the hlood of noiiiiiocul itcd >oung clucks the numl>er 
of trj throcj Us was found to lx. greater in the n>LHLint (b out of 7 c isca) llem m 
the susctpliblo strim 1 he nunilxr of 10111*005 Ujj was grc-iU r 111 the hU'«ccplibIe 
i^lraui Tito jxrccnUi^e of ncutroplulis w is lowir in llm n.'>t*)(int inihvidual-i 
(b out of 7 ias.'*i) In inocul itcd chicks, the porctuLvu of ncutruphilen w is 
much litgitcr iimmg the hU*K:cptibhs at b, 7, and U da)s than imong moculatc^i 
ii-'watant iiulivulmiU of the ^ iiiic 

Psychological Modifications. — Mzun {xoplu Ixliovu 111 tho onliuirv 
pnnciplii of inlu ntniicc .i-f ftr u« phvMi il trots arc conctnu'tl but 
balk at ipplving thc-nj xiiim priniipU'i to iiu ut.il iraitx On tho olln r 

‘ lUmtai-x I , Rii I I-., Int eniAunt t f U» tr lo !Uct^r;*l I f«iii n 

n VsiiutU, / ,* 1,^ Il^i (1.1, (C<>< uu • An « Lrr .tt i L.i / 
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hand, the behol that mental or rrt.at.c “renrdmd^P 

to one’e offspring u. particularly prevalent J-™- ” ,,,oed oiung, 

artistic qualities their children arc liUly to be artet ^ 

honever, to the tact that the parents li^ ^ts 6™cs h ^ t 

this direction plus the very important add.tio^l 

had a very favorable environment as far as the dev P 

qualities was concerned Some expenmenta " 

(McDougall) has been interpreted as the inhentance of a q , 

of parent rats m choosing paths of escape after having |„2^toady 

a tank of water There appears to have been a more or le 

improvement m the succeeding generations of traine 

fourteenth generation the best rat made 42 enors, the worst rat 0 , 

an average for all of 80 In the twenty-third f f " ^v ea 

made 3 errors, the worst 71, with an average of 25 emrs 

when reverse seloetion was practiced for twopnerations, p 

was evidenced On its face, this looks like the ^red 

learning However, two important questions reiMin 

Was the stock pure (homozygous) to long 

conscious or otherwise, practiced? Although the stock differ- 

inbred, McDougall states that there were “very large ™“vidm 

ences botv-een the animals m rcs>pect of the rato at Tvmcn tney 

their tasks ” , u«r,Kt arnl 

Tryon has sho^n that the assortive mating of bright ^^ltb ong 
dull ith dull rats can lead to the separation mto bright and du t> 
of rats as far as running a maze is concerned * hration 

Griffith’s i\ork indicating the transmission of acquired disequi i 
in rats has not been substantiated, ivhercaa Pavlov himself 
his earlier claims for the transmission of acquired learning ^ 


conditioned reflexes in mice odific^' 

There is as yet no clean-cut proof that acquired psychological m ^ 
tions arc inherited by the offspnng Because grammar schoo 
been m existence for several hundred years, one is tempted to as , 
what facetiously, why our present children do not enter high ^ .j 
tolkgo rather tlmn grammar school at the age of six, if the learnin 
their ancestors actually became part of the hereditary material qjjj 
A rguments against Inhentance of Acquired Characters The re 
for the general unw ilhngncss to subsenbe to the behef in the inhcn 
of acquired characters may bo groupc-d as follows g 

1 There is no known mechanism in the body capable of imp*^ 
soma or bod> changes on the germ cells j 

^ Sts* fesTDER, L. II TIio Principles of Iltredity, pp 30»-308 D C 
Company Uoston 1910 
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2 The evidence, although partial in some cases, is by no means 
conclusive 

3 The theories of the continuity of the geim plasm and of geiminal 
variation can account sufficiently well for all observed facts of heredity 

In order to study the effect of the soma on the germ cells, Br Castle 
at Harvard removed the ovanes of a white guinea pig and substituted 
the ovaries of a black guinea pig The operation was entirely successful, 
and in due time the animal v as bred to a white male and produced in all 
three litters totaling 6 individuals This female was ^hite (with sub- 
stituted black ovanes) and was bred to a white male Albino bred to 
albino in guinea pig invaiiably produces white offsprmg, but in this 
case all the offspring were black Some of these in latei breeding trials 
behaved as normal black guinea pigs would be expected to behave 
This ciitical experiment shows that the ova produced by those two 
black ovanes which had been transferred to a white body were, after a 
year’s location in their new' environment, still producing black ova, 
and it is indeed inconceivable that they could ever have produced any 
other kind Ihis oxpciiment indicates that theie is no mechanism m 
the body capable of impressing soma or body changes on the germ cells, 
though it, of course, docs nob prove this to be absolutely so, it being 
impossible to prove a universal negative 

Summary of Inhentance of Acquired Characters — Castle gives the 
following summary^ on the inheritance of acquired characters 

The problem of acquired characters, after all, concerns only the higher ani- 
mals In the low or animals and m plants no such sh irp distinction exists betw con 
body and germ-ctlls as we find in thchi^icr uiimals "We may rciiroduco the 
entire plant from x cutting of root, gtom, or oven a Icif m some c iscs Henco 
there 13 more chance m such cases of direct modification of tlio cells capable of 
reproduction, for most of the cells of the plant retain this capacity In the lowest 
organisms (protozoa, bactena) there is no distinction whatever between body 
and germ cells Lverj cell is cipiblc of rcproduetion, and modifications j>ro- 
duced in a cell by the environment are handed on directly to the next generation 

If in the lower organisms the |)oU.nti ilities of living subsLuice cm thus bo 
altered, it seems re.u>on iblo to supjio-o th it the same possibility m.ij exist m tho 
hiKbcr inuiuls and pluits, ])rova«Jed agencies cipiblo of prudiiciiig ch inge iro 
allowed to ict on the gcrmind subsUnce It is tho sheltered i>oaition of tho 
genu ( elW wlueh sc'eiies ordin inly to exempt them from direct iiimlincation, but 
we c innot saftly a.s»umo tint they arc in lU c uses frenj from Mich nuKlifit ituii 
1 xinnnuiiLH of ^tockard show Ihit in ‘ PiK* re|>e lUnlly mloxii. lUd with 

lUohol, the gvrm-cclls ire eiifccblcii -o tint ofTspnng of such pircats, whr llu r 

’ ( AsTH \\ ‘Ctictioi 11)1 I uj, imu |»|» Sr JO Ilarx'aft! Lnixnois IVijia 
( itni ri M , 1 J3U (UriinaU i 1> i»cniii -d) a of (ho Pixai Ital na 1 l-cilowit uf 
J1 if \ ant CoIUkc ) 
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™ale or female, are more lAely to te feble and “““y- ^ 

mente of Hertmg show that similarly the S'™-'* “f Ir IJ P ^ 

injured by emanations of radium m consequence of nhich enfeebled 

“Xefris^rra^produccd probably the best^^^^^^^^^ 
artificml production of hentable defects Injectmg into the bod-« 
pidped lenses of rabbit eyes, they rndneed the production m 
antibodies uhich uould neutralize harmful eflecte of ,,5 ,„,ected 

scrum was then obtamed from these immunized fowls and this 
mto the circulation of pregnant rabbits and made its way, it is tho g ' 
the placenU into the circulation of the developmg fetuses, whe 
with the proper development of the eye in a certam number of emb^os 
defects such as opaque lenses, under sized eyes, and eyes rotate 
proper position, were thus obtamed in two X„ts of 

rabbits These defects reappeared sporadically among the inbred d 
the abnormal rabbits, and so may be regarded as having become 
Guyer and Smith consider the mode of inhcntance that of a recessive * 
character, though fewer recessives are reported than theory , .t„e 

may be explained aa due to the authors’ failure to detect cases of s ig y 
eyes, or to the failure of the character to find somatic expression in a mbbit 

In a third unrelated senes of animals, Guyer and Smith injected pu pe 
lens directly into the circulation of pregnant rabbits, and in this ® ® 
obtained from one treated mother one young wth defective eyes in a r 

wise normal The defect ivas transmitted in this case also trans- 

The eye-defects in the cxpenmental rabbits of Guyer and 
nutted through male as well as through female parents The authors . ^ 
that the antibodies artificially produced by the injected foreign bodies 
the constitution of germinal determiners at the same time that they a 
corresponding somatic structures m the same mdividuals In other wor 

fa\or “parallel induction” as an explanation of their results th on 

Finlay (1924) has repeated on mice the experiments of Guyer and Snu ^ 
rabbits, but with wholly negative results He used rat lens, sheep lens, 
lens to produce antibodies m pregnant mice, but without observing any 
defects m the young of either the Fi or the F* generations j 

On the other hand, Little and Bagg, by X raymg pregnant mice, o 
joung with pronounced eye-defects which were apparently inhented in t e 
generation as ^ecessl^e characters Hansen, too, X rayed rats m 

obtained eye and other defects but without studying their inheritance b 

had pre\aously obtamed similar e>c-dcfect8 in guinea pigs by exposmg 
mothers to alcohol fumes Hansen and Stockard are agreed tliat a \ane > ^ 

liarmfiil agencies acting during the embryomc development of a vertebrate may ^ 

interfere with the compbeated process of development of the eye as to j 
defective end results They regard thedefectivecjesof the rabbits of Gujcf ^ ^ 
bimth not as specific elTecta of lens antibodies, as those authors suppo&ed, 
due to disturbed development, maintammg that like results can be produc 
any other disturbing agency 
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If tlie germ-cells are capable either ducctly or mdirectly of modification by 
outside agencies, evolution guided by the environment must be in some measure 
at least a reality. The truth then lies neither in the extreme Lamarckian view 
that all acquiied charactera are inlierited nor in the extreme Weismannian view, 
that no extraneous influences modify the germ-plasm, but somewhere in between. 

Practical Phase of Inheritance of Acquired Characters. — Breeders 
should continue to develop their animals to the utmost. If this develop- 
ment is cumulative from generation to generation, breeders will profit 
thereby. If not, they will at least be able to see which animals are 
inherently capable of responding in the fullest degree to a favorable 
environment, and then, tlirough selection of these animals as breeding 
stock and through wise matings, they will bo able to bring about a gradual 
improvement in the stock under their care. 

Telegony. — -Telegony may be illustrated by the more or less common 
belief that, after a female has borne young by a certain male, her subse- 
quent offspring will show characteristics derived from the previous sire. 
The classic example is that of a mare which bore offspring by a quagga 
and later produced horse colts that showed some striping. Numeious 
attempts have been made to confirm this by crossing mares and zebras, 
but in all cases they have failed. The basic elements that determine the 
characters of any individual are the ovum and the spermatozoon uniting 
to produce it. Spermatozoa from this first service could not possibly 
live over a gestation period in the female organs of any higher species to 
fertilize the next egg, as they live for a very few days at the most. If this 
first offspring had any influence on other undeveloped eggs in the ovaries, 
it would come under the licading of the inheritance of acquired char- 
acters, for which there is no conclusive proof. Mumford and Hutchinson 
made investigations in the mule-breeding district of ^lissouri, where 
marcs often bear mule and later horse colts, but could find nothing to 
substantiate telegony. In the light of present knowledge of inheritance, 
telegony has neither experimental nor theoretical basis. 

Maternal Impressions. — Belief in maternal impressions assumes that 
what a pregnant mother may sec, hear, or cxpericnco m.ay influence her 
offspring. In general, this old belief can bo repudiated also, because, as 
Marshall points out, if it worked, all calves born in the spring up north 
would tend to be white because tlio mothers have viewed a white land- 
scape all winter, and, similarly, calves born in the fall would bo green. 
There is no direct neivo connection between parent and offspring to afford 
means for transporting ide.\s. Animal experiments have all given nega- 
tive results in this field. It is, indeed, a fortunate provision of nature 
that in the higher animals the embryo is so well protecletl fron; all 
externid influences. If maternal impressions were actually regisleml 
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on the offspring, all types and races aould hare long ago become a 
hideous, conglomerate mess . 

Atavism or Reversion — These tenns, meaning the reappearance o 
some ancestral trait or character after a skip of one or several generatioa, 
are often encountered in the older literature on animal breeding Such 
reappearances i\ ere more or less mystenous before the physical basis o 
mhentance ivas understood The birth of a red Angus when the p 
four generations have been black is known to be due to each paren 
suppljing a gene for red Recessives may be earned along, hidden ^ 
dominants, for any number of generations Whenever two recessiics 
come together, or, m other words, whenever the dominant gene is lacking, 
the “atavistic” character will be evident Atavism or reversion is t e 
sudden reappearance of some ancestral trait, but there is nothing mjS" 
tenous about it, for it is one of the normal manifestations of the hereditarj 
mechanism 

Summary — ^Wo have tned to indicate in this chapter that the env iron 
ment does play a large part in \ anation Any organism inherits a certain 
“norm" based upon the nature of the genetic content of egg and spe^ 
that unite to produce it This “norm” however, may be influenced bv 
many internal or external factors It is hke any elastic material, dougn 
or newly mixed concrete Withm limits it can bo molded into differen 
forms by the env ironment However susceptible the somatic tisaue niav 
be to molding, there is no conclusive evidence that molding of the soma 
itself can have any influence on the germ cells By regulatmg fo<>° 
intake, any parent could be one-third lighter or heavier in weight, but bi3 
children’s actual weight would not thereby be directly influenced If 
want heavier children, we will naturally select as the parents those who 
most readily put on weight Vanation therefore can be a very useful too 
m directing selection. The task of differentiating between env ironmental 
and hereditary vanation and between the various types of the latter 
not easy but on its accomplishment depends the breeder’s ultimate suc- 
cess Vanation can mdicatc new and desirable gene combinations- 
feecmg, seizing perpetuating, and amplifying these lie at the base of an' 
breeder’s progress 
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CHiVPTER XVII 
SEX DETERMINATION 

Sex in tlie higher animals is a relative matter in all except one respect, 
viz.y the kinds of ceils produced. And even in this respect the different 
types of cells, ova and spermatozoa, are essentially alike regarding 
chromosome content and differ only regarding cytoplasm and motility. 
For obvious reasons, man has always been keenly interested in the 
factors determining sox, with the hope that he might ultimately find 
ways and means of controlling them to his own benefit. Because of 
the wide interest and enormous value of such knowledge, there have 
been conceived in men’s minds a great number of hypotheses regarding 
sex determination and its control. It is said that over 500 of theso 
theories have been recorded. One theory states that the right testicle 
produces male-producing spermatozoa and the left testicle female-pro- 
ducing spermatozoa. The same idea is often applied to the ovaries of the 
female. ^lany breeders believe that alternate heat periods are produc- 
tive of opposite sexes. The same idea is sometimes applied to service at 
early and late portions of the heat period. Such theories as theso have 
easily been proved false. One of the most weird superstitions states that 
“if a man has a sty on his eye, ho concludes his aunt is pregnant. If the 
sty is on the upper eyelid the offspring will bo a boy; on the lower a girl.” 
Any theory for sex determination must, from the very natuie of tho case, 
be correct half the time, tho offspring, of necessity, being either male or 
female, in most species these occurring in equal numbers. 

Sex Ratios. — -In most of llic higher species tho two sexes arc born 
in approximately equal numbers, whcrciis in some of tlio lower si)ccies 
there are great differences in nuinlicrs of the two sexes. Since in some 
of tho multiparous species many embryos dio and are absorbed during 
gestation, tlio actual number born is neither a correct record of fecundity 
nor is tho sex ratio at birth necc.ssiirily tho s;imo a.s at fertilization if 
there is a differential survival rate iHitwecn tho sexes. Both Hammond 
ami Parkes have shown that in Mviiic there is a prepondomneo of males 
soon uft(‘r fertilization, but in this s{)Ocics tlie males arc more lialilu to 
tlio during embr>’imic dev<‘Iopmcnt, so that at time of birth they exi-nt 
in approximately etpial numl>ers, und Tarkes has reported the samo 
phenomenon in mice. Giber evidence indieatc.s Hint in matnnnds, 
133 
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general, there is a heavier fetal d«th ‘<>'1 

female embryos. For these reasons ‘ ® ^ the secondary. 

times referred to as the pr.nmr;, se.v ra ro, that at brrtb 
In this discussion, sex ratio means “'’“““I, jog females or as 

Sex ratios are expressed as the number P" „ statistical 

the percentage of males of the rvhole number bom. 
reasons the latter figure is preferred ' j jjjg 

Table 26 gives some sex ratios that have been found m som 


liigher animals. 


T.„v. M.-Snx Ratios IX Film MAillcu^ -i-'T 



Azdmal 

Xumber of 
births studied 

Percentage of males 
in all births 

Xumberof 

studies 

ll ” 

I 1,249,337 

1 i>416 

155,579 
91,640 
74.639 
3,000 

48.9-49 9 

44.3 

49,4-51 5 ! 

49.5 

50.6- 52.3 

50.1 

50.7- 51.7 

6 

1 

3 

1 

3 

1 

Seversl 

»» 1 1 

C Itl 

n 

c ■ ** 

c t 



• Ad»pt«l (romLwH. J. U “Aium»l Bwedin* PUm.” p. 315. CoU*p*“ 
CoUese, Am*., low. l«37. (Br penaisaon d *othM »nd pubUbw.) 


If sex is determined by the chromosomes and genes, as 
probable, and the heterogametic spermatozoa (in mammals) are p 
in approximately equal numbers, then differences in fertiliza > 
must be due to differential activity of the twq tj-pes of j^g 

to differential selectivity by the ova. If there is a differential le 
rate betvs een the male- and female-conditioning sperm but 
equal numbers of the sexes at birth, then there must also be a 
mortality rate between the two types of embrj'os, -vTith the male e 
in mammals apparently having a higher rate of mortality. 

Chromosomes and Sex Determination . — Drosophila 
the common fruit fly, has been more thoroughly studied, from the ^ 
point of inheritance, than any other species, and the study has jue 
rich harvest. Along -with the knowledge gained regarding 
genes and chromosomes in transmission from parent to offsprmg nas 
definite knowledge regarding sex and what determines it. There 
sources of such information, onecytological and the other the be ^ 

bcx-linkcd factors. C>'tology has established the fact that 
number of pairs of chromosomes in D. mdanogasler is four. 
three pairs are autoaomes and one pair sex chromosomes, and 
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both sexes have autosomes that are morphologically identical, there is a 
characteristic difference between male and female regarding the sex 
chromosomes. The female has two so-called X chromosomes, whereas 
the male has one X chromosome and one Y chromosome. Figure 127 
should make this clear. 

After reduction has taken place, as shown in the diagram, there can 
be but one sort of ovum produced; i.e., every ovum will contain one 
member of each pair of chromosomes, and each one will, therefore, con- 
tain one X chromosome. In the male, after reduction, there will be 
two kinds of spermatozoa, both of which are similar as to autosomes 
but different as to sex chromosomes, one having an X chromosome and 


FEMALE MALE 



Fiu. 127.— Diagram of nuclei of mnlo and fcmalo germ cclLt lu Drosopluia, showing tlio 
kind of ova and kinds of spermatozoa produced. 

the other a Y cliromosome. Presumably, these Idnds of spermatozoa 
are produced in equal numbers. Starting with an ovum containing an 
X chromosome and adding a spermatozoon also containing an X chro- 
mosome will give an individual \vith two X chromosomes, or a fcmalo. 
Starting with an ovum containing an X chromosome and adding a 
spermatozoon containing a Y chromosome vill give an individual con- 
taining both an X and a Y chromosome, or a male. Cytological evidence, 
tliercforc, proves beyond a rcxsonablo doubt that, in Drosophila, sex 
is determined at time of fertilization by the kind of spermatozoon that 
fertilizes the ovum, for the sc.\es invariably sliow tho differences just 
outlined, 

Hondis junction in Drosophila. — An aberrunt ty|>o of reduction in 
Droftophila, occurring ver>' nircly, lends .support to tho cliroinosornal 
interpretation of sox delcnninalion. Tliis is the hxitiiro of 
juncllon, which has bt*t*n workcnl out by Jlrldges. This investigator 
h:w .shown that occa-Hionnlly reiltictiuii in tho gorrn cells Uikes place in 
hucli a way that after .synap-iis tlio two st'.v cljrotno’'ome.s of a foinah? 
do not disjoin but bulb of them pa-ss to one pole of the cell, giving ri-Mi 



43G IKlf 1V71/ lt5 

to egg cell, of the eonsUtut.on XV and O .n.tcad of tno ^ 

each contammg one X ehromosome Iho I, 

made more clear by means of mtroduc.nB a sex > 

(or rnstance a nhite-ejcd female (rXrX) is 
(/i\.Y) all the normal daughterb will he red-ejed and the 
^vhlte-eyed 



1 gb* 


rX 


H\ 

U\r\ 

/fXrX 


rX\ 

cxy 


If however m a whitc-c>od female, nondisjunction occurs 

of the four types indicated m the diagram below should be produc 


1 Sperms 

Eo?» 

rX r\ 1 0 

1 

R\r\r\ n\0 

1 ' 

r\ r\ y j Y 0 


As a matter of fact the KXrXrX individuals usually die as o 
the YO individuals the former as Morgan suggests because o 
ro^ny X s and the latter presumably because they lack an X 
In other words if the genetic constitution is thrown too far out o ^ 
ance the animal cannot survive The other two individuals r r 
a white-eyed daughter and Ji\0 a red-e>od male, arc the excep i 
to the normal expectancy 

Breeding results from such individuals in F* (wrhich the studen 
diagram) give results that v\ould be expected from individuals o s 
chromosomal make-up and the point to be stressed here is that m e 
Fi or Fj individuaLs two X chromosomes result m producing n t® 
and one X chromosome a male * 

T1 esc results not only furnish very strong proof of the chromosome theoO 
f=cx but serve als< to show ho v a kno \led|^e of the actual mechanism m' “ 
leads to tl e discoverj of ho v a change m tl o mechanism gives a new ou p 

'Morgan T H The 1 1 ys cal Baias of Heredity p 203 J B lappmcottCo 
lany Philadeljlu 1J19 
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The conclusion that females behaving in this manner must contain a Y chromo- 
some was confirmed by the cytological demonstration that showed in them two 
X’s and a Y. 

The distinguishing feature of the XY type of sex inlieritance, which 
prevails in mammals, is that the female is homogametic and the male 
lieterogametic for the sox chromosome. It was thought at one time 
that the Y chromosome was simply a neutral and more or less useless 
mate for the X chromosome. This, however, has been disproved. Only 
one dominant gene has been demonstrated in the Y chromosome of 
Drosophila, but the fact that all males of the genetic constitution XO, 
i.c., lacking a Y chromosome, are sterile leads one to the conclusion that 
sometliing in the Y chromosome is essential for fertility — in other words, 
for noimal maleness. It is known that in some species certain char- 
acteristics are passed along always and only from father to son, indicating 
that their determiners must be in the Y chromosome. 

The Theory of Genic Balance. — In several species of animals, there 
havo been found individuals that partook partly of the characteristics 
of both sexes, i.e., were in fact partly male and partly female. This 
was difficult to explain on the basis cited above: that one X results in 
producing a male and two X’s a female. Goldschmidt first studied 
these so-callcd “intersexos” in the gypsy moth Lymanlria dhpar. Ho 
found that in the Fs of a cross between Japanese males and European 
females half the daughters were intersoxes. Goldschmidt after an 
extended genetic study concluded that sex was due to a balance between 
mule- and female-producing genes in the sex cliromosomcs.^ 

These and other crosses leave no doubt that the tendency to form intersexos 
is inlicritod in a regular manner. In moths, m gcnenil, the inalc.s aio XX, the 
fcuudes XY ; and within pure niccs this sex chromosome constitution i>> decisive. 
In crosses bchNccii nices nliich produce intersexes, however, two furtlicr variables 
have to be tiikcu into account; one is a factor for nuilcncM in tho sex chromosome 
which Inis difTcrcut strengths, that is, prc.sumably occurs iu dilTcrcnt allelic forms 
in diiTcrcut niccs; tlicothcrisan influence tcmlingin thcopix)site direction toward 
fcnmlcnc.'vs; also varying in different races, and this seems to be inhcritotl through 
tho cytophusm of tho eggs, tlut h*, all the egg^ of au imlividual are ahke with 
respect to tho strengUi of this tendency. The sexual condition of tho offspring 
of cnjv^cs is decidc<l by the rel.itivo Mrcugtiis or balance existing iHrtwecu these 
two op|>ofrod tendencies. This interirrcUittoii is &upi)orled by extemsiio cviderjco 
frum many interracial 

CioldMrhmidt and his cuworkors lui\c also prujxxM'd .a mechaniMU by which 
lhe.Mj .-ox genes influcncu the dcielupmcntof ihu sexual clmmcters, Tho e.v-ential 

* Si>M*rr, Kimrsn W., .tiid Dcnn, I.. C., ** l^ruiripJcs CJcnrilf s,” Otl c«J., ji. 201, 
MiCimw'HiU Iknik OonjMDv, iuc., Xtw York, 
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a.Bun.pt. 0 .s here, found first m the eL^nS^to 

study of the cmbryoloEicJ detdopnicnt of r development as males 

Drosophila, are that mtersexes m these forms begin tl 1 P ,,53 

(or females) and develop as such up to . oertun ■= 7 “' ^ 7^,1 type 
■■taming point,” after ivluch their development 13 of ^ the supersession 

The imvtare of male and female parte is thus explamed M due to 7 
of one type of sex tendeney by the other Sex "^tu- 

essentially a competition hotvveen opposed tendencies m ^ ,„„st 

ally won by that type of process (either neile or I^Sved 

rapidly at the critical penod of determination of cacli organ 1 

The discovery of ccltain individuals m Drosophila '=7a7;”rsexes) 
their sex charaotcnstics were between (mtersexes) otbeyo ( j 

the normal male or female limits, has yielded further 
sex manifestations are due to a certain balance between th g ^ 
content of tho automosorac3 and that of tho sck chromosom 
has sho^n that the normal balance between two sets of 
and two sex chromosomes (2X) produces a female, , ojoes 

between 2A and IX produces a male That is to say, the a 
have genes tending to produce maleness, which they do when 
m conjunction iMth the genes found m one X chromosome V 

however, there are 2X chromosomes present working in conjunctio 
1A, the result is a female, xe, tho genes m tho X 
preponderatcly female-producing A graded senes of sexes have 
found or produced experimentally as radicated in Table 27. 


Table 27 — Relation of Sex to Cubomosombs in Drosophila melanogo^^_ 


Sex type 

Formula 

X = 100 

A =■ 80 

Sex index 

Superfemale 

2N 

3X 2A 

300 

100 

1 88 


4V 

4X AA 

400 


1 2o 

1 25 

1 25 

0 94 

0 83 

0 63 

0 63 

0 43 

Female 

ZN 

ZX ZA 

300 

240 


2N 

2X 2A 

200 

160 


\N 

IX lA 

100 

80 

Intersex 

AN 

3X 4A 

300 

320 


ZN 

2X 3A 

200 

240 

Male 

2N 

IX 2A 

100 

160 


AN 

2X 4A 

200 

320 

Supennale 

ZN 

IX 3A 

100 

240 


It will be seen from this table that a normal balance between au 
somes and sex chromosomes 3A and 3X or 2x4. and 2X results in a fe® ’ 
whereas a preponderance of the X ingredient results m a superfem 



SLY DETERMINATION 


439 


and a preponderance of the autosomal ingredient results m vaiying 
degrees of manifestations of maleness ' 

If wc represent the net effectiveness of the female tendency genes in the X by 
100, then ^\c should represent the net male effectiveness of a set of autosomes by 
some lower number, approximately 80 the 2X2A individual the ratio of 
female effectiveness to male effectiveness is 200 160, or 1 25 1 On this formula- 
tion an index of 1 25 conesponds to a normal female As is indicated m Table 27, 
this same index of 1 25 holds for 3iY individuals, for the ratio is 300 240, or 1 25 1 
Tlic identity of sex indices for tlie 3iY and IN forms corresponds to the obser\ ation 



Supermolc Infcr^ex Tnploid (Female) 


1 lu l.-S— 1 {iM-t on »cx uf tho lultnio bctuccn chruinosomca (soUd) und autunoiixM 
(ouU ned) iti Dfo»«j hila (,lf<orrai j J/rom btmoU and Dunn I rinctjJca c/GcnUttM ) 

that thtre ■^ma to be no k.x« d diffcrcuco between them In the \2 I m(h\ idunl 
Iho ratio h 100 lU), or the mix index is 0 63, th it of tlio htuid ird nult riio 
M.X imltx of lliL 2X3 I uitci>cx is 0 S3, intcrincduto between tlio 1 2o of frnule- 
nciv'i untl the 0 03 of m.di.uo's 

New tots of the ^encnl xaluht^ of tlic getuo Iwlunco foruwiKtious ax iv nlio 
lH.lwecn opjK) M.ts of mnes ciinc fmiii M,%cnl 1 it>t, 1/olh ni\M*lf 

[Unlk'J*, I'd'i*)! ui i \ Mofi^n foiimi Utriploid mdailualn l\t olwr\iil 
Ihittlu o }\ t \ iiuiiMilii ils wcio romplet(l> ii )riii.i| and ftrtih fi oliIih, prirti 
calK nuh’ittn;,tn'*)uinL MoiLitn lUy from 1\ fcii.ah-j» Thit the m.x w w ml 

D^moutii (’ il lullkiinT !~ \, in I Srcn 1 m u* 

«0 13 'till' W I ibiu 4 t, Vtntai « Ci>m{vit j., KiUu M ft, l»Jl (I 4|» r t > 

( 11, JP» * 1 : 1 ^ ) 
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Sez-producers and Sez-differentiators — ^From the numerous examples of 
mutant sex-clunicters in Drosophila, Zea, and other forms, it is clear that a fairly 
large proportion of the genes must be concerned wth the production of the 
normal sex organs in their normal grade of development All these genes whose 
action IS part of the normal sex-development, which would have another outcome 
if mutant alleles were present mstcad of these normal genes, one may call “sex- 
producers ” This includes the so called “sex modifiers,” where the degree of 
effect IS perhaps less than some of the other genes or the effect is observable 
only or predonunantly m one or the other sex 

Any of the above producera of sex may become a “differentiator” of sex m 
mutant form as contrasted to the standard form in the same cross Some may 
require special circumstances such as the sensitive condition m 2X3A mtersexes or 
the cooperation of other genes to brmg out their differential action Some allelo- 
morphic differences are so slight in effectiveness as only to change the individual 
from female to male or from male to female as shoivn m fishes, maize, and 
Ilabrobracon 

The difference betiveen a producer and differentiator of sex may be illustrated 
by an analogy As equal weights are added to the pan of a balance the beam 
finally tips Let us say ten "neights left it untipped and after the elexentli iias 
added it tipped But this eleventh weight has no mom intrmsic sigmficance m 
the lipping than each of the eights added before If any one of them had been 
omitted the beam would not luxe tipped when tins one was added All together 
produce the result The last one is the differentiator of the position of the beam 

Genes and Sex Determination. — Wc have seen that sex is not doter- 
inincd by any specific whole chromosome, but rather that it appears 
to bo due to certain balances between genes located m both the auto- 
bomes and the sex chromosomes llccent work by Patterson and Ins 
students at the Dnn crsity of Texas has seemed to mdiLato the localization 
of tlic genes in the X chromosomes, which must bo present m duplicate 
to produce a female or in a single do&o to produce a male This was 
iccompliahcd by trciting flics with X rajs, with the result that the X 
chromobomo was broken into xanous-sizcd fragments Tims, stocks of 
flics could bo mado up containing one normal wholo X chromosome and 
xarious sizdl fragments of another X chromosome This procedure 
indicatcal lint a certain sm dl region of tlio X chromosome between tlui 
gems for pit itcd ind garnet w is tho essential portion optr iti\c m throw- 
ing the balaiKo of all the genes tow ird tho male or tho female side 1 his 
is shown diignmm vtie dl> mlig 120 

It thus apjH irs thvt the gems or geno m the X throino^omo which 
rt u ts with aulO"><)m xl genus in determmaig sex are loe itttl m this sm ill 
ngion of the X chrumoaome ' 


‘ /i./, 2^ 2s 
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Sex.mosa>cs a.d G,Bandron.o^.-^ 

Bcx-determi.ution is miohcd in tlio „„j „,th n bhnn> 

ot both sexes it once, but in liiircrcnt bodj-rct, , „ctic or 

demnrution nhiel. it the same time rnrrc«,K„uU to ’ „ all 

ebromosomal constitution A comprcbcnsixc >■“" “fn.traOlO) and n sl«isl 
types of sniin.dB has been pv on by Morgan and Undges (191 J) a 
review of the Drosophila cases by L \ Morgin (1 J- ) Abraxas 

Doncaster (1914) in studjing sections of '"“'“‘•‘j 'j5^a and two fcnule 

obserxed an occasional egg with two separate maUiralion ^1 tliat 

pronuclei each about to be fertilized by a separate “P""' “ “‘tme or not 

these pronuclei could differ as to whether they e ^ „aoss could 

(female hetcrogametic) and consequenay the doublo , 4 ,ajgotic 

Ue nso to gynandromorphs Defimlo pr»t of the “bich 

-rat'rSmebm: " 2racter^ Occaaionallf 

0 


-r- -D-o-" « 

VJ rm^^ofxfra? 


HonciY S5^ 

Male ronaie 

(After paUrton ) 


■foTtfl* Male Male Male 
rxo 129 — Dusratn ot section of "V cliromoeome delcrmimDe scr. 


such diiygotics ere mosaics for autosonul characters m tt\ ^ threlear 

though it IS rare to nuke a cross tliat would show this The ^ , and 

dizygotic gynandromorphs was one found by Bndges (Morgan* -^^esanes, 
Sturtevant, 1925) m a backcross involving two Becond-chromosome 
vestigial and speck The right side of Uie body was mostly ® ^lanation is 
speck, the left side was mostly male and showed vestigial Tlie exp ^ 
that the right side had come from an X-egg carrjnng speck, le tz 
X sperm carrying vestigial and speck The left side came from an i. otic 

vestigial, fertilized by a Y sperm carrying vestigial and speck Some , ggx 
mosaics have been found m Drosophila, though the majority were a 
on the two Bides 1 hundred 

In Drosoplula there is another type of gynandromorph, of winch sev era 
have been found These start as XX zygotes and give nse to XO 
on one side or part of the body The male tissue results from the loss or e 
tion ’ of one of the two ongtnal X chtomMomes, the autosomes 
diploid If the ehmination takes place at the first cleavage, half of ® 
becomes male, if at the second, only about a quarter h A 

A stnking example of such bilateral gynandromorph was one found y 
Brown and mcluded m the general accoimt of gynandromorphs by 
Bndges (1919) This gynandromorph occurred m a cross between an 
miniature male and a female heterozygous for cosin and miniature 
nght Bide showed miniature and eosin, while the left side was female an 
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type Presumably tbe gynandromoriib. started from an eosin mmiature/wild 
zygote and at the first cleavage division one of the daughter chromosomes of the 
maternal wild type X chromosome lagged upon the spindle and u as lost Hence 
one cell retained the onginal constitution and developed as female while the other 
was XO in constitution and developed as eosm immature male 

In case the male parts of an climmation gynandromoiph include the abdomen, 
such an individual can be mated as a male But he is invariably sterile, as he 
should be from the XO constitution of the male parts 

That an X-chromosome only, and not the autosomes, is mvolved in the ehmi 
nation was shown by a test proposed by Mulier, namely that a cross be made 
involvmg the sex linked characters yellow and white, as markers for the X, and 
ebony or some other recessive as a marker for the autosomes Gynandromorphs 
in sucli crosses showed sex hnked characters m the male parts but never the 
autosomal ones — except those due to double fertihzation, as noted above 

Morgan and Bndgea (1919) studied carefully about 100 gynandromorphs and 
found tliat the maternal X was chrmnated about as frequently as the paternal X. 
In experiments in which all flies were counted 40 gynandromorplis occurred m 
88 000 flies, or 1 m 2,200 The line of separationi was usually sharp with respect 
to both sox and whatever sex hnked characteis showed in the different areas Of 
the dozens of sex linked characters seen m the gynandromorplis all were autono- 
mous m development locally except vermilion, and, to a shght extent Bar (Sturto- 
vant 1920) 

A third type of sox mosaic was found by Bndges (1925) in crosses m which 
the mother was licterozygous for the sex linked dominant Mmutc-n and the 
father showed one or more sex linked rcccssives, such as yellow, eosm and singed 
Tlio Minute-n daughters frequently (10 to 40 per cent) showed one or more spots 
that were not Mmutc, but were yellow eosm and singed Some of these spots 
could bo classified as male by including eosm (lighter m 6 ) or the fore-leg w ith its 
sex comb The cx-pianation offered by Badges was that Mmute-» mduced fre- 
quent ehmination of the Ifn bearing X m the somatic calls Tlus occurred rela- 
ti\ cly late m imaginal disc de\ elopinent, thus accounlmg for the small size of the 
spots But Stern (1936) has studied Iheir ongm thoroughly and show s th it they 
are due to crossmg-o\er m the imagmal cells Tins crossing-o\ cr leads auto- 
nutically to sonutic segregation, since the equation il scparition of spnullc- 
attachments driws the cros»o\er tcrnuiial regions into separate cells Stem 
finds th it the homozygous Mn spots then die, leaving the homozygous ij sn sixits 
which were observed by Bndges Stem finds tlut most spots are XX and fcnulc 
Milo BiK)ts, such IS thoso detected by Bndges, do occur, principally when the 
Mil mother c irrics an cxtri cIlromo^omo Thou somatie segregation giv cs X\ 
nude biH)U, insle id of XO siioU as Bndges supjioacd 


Endoenne Function m Sex Differentiation. — In tlie‘ eurlie-st forms of 
life, then probably were no distinct sexes 1 huso organisms reproduced 
only by fission, or Vnidding, whero tho division of the pirent w us very 
iineiiu d I his, of neH.e-M5ity , im int th it the offspring would be v cry simi- 
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lar to thcr parents, for a eons.dorablo port.on of «'» 

each now offspnng. altlrongh an occaaronal 7‘" "'^''‘^^Pfanrs 

Eventually the division of labor among the cells making P ® ^ 

meant that certain cells were developed for P“7“^ j j^rent 

reproduction At length, there apparently camo to be form 

types of reproductive cells, which had to unite to P^f^^ but 

At first these cells were produced by one parent 0'“™ P „ particu- 

eventually there came a time when the union of .pji- 

larly as far as cytoplasm is concerned, produced by tv P j 

viduals was necessary to form the beginning “' “■" t .noart because 

finally the two sexes themselves came to be quit^itfcrcnt, p 

of the constitution that allowed ono to produce eggs an 
spermatozoa Sexuality has tlicreforo come about nrobably 

of evolutionary development, and tli9 advent of uniscma i y P 
iU. ^,wrvrv/4»r1 Iir\ +Vi<a rtvAlllflAnftrV nFOCCSS btCiUSC 01 tno gc 


orgamsiu lu butu mua vivov*nw w , 

diversely acquired genetic material to each of its onspring , 

Many plants and animals aro still of one sex m one portion oi 
and the other sex m another portion In some tho production o 
or female gametes alternates or vanes m time owing probably to on 
mental influences In higher mammals of course, tho two 
recognizably different both in regard to their sexual produc s _ 
and spermatozoa) and their somatic differentiation These di er 
are basically genetic, t e , owing to differences m gene comp cme^ 
but superimposed on tho genic differences are those lately discovere 
be of an endoenne nature inuer 

It IS probable that in Drosophila and many other species o 
nniTTi als the same mechanism, t e , the genes, underlies both these p 
nomena If, at the first cell division in a female Drosophila zyS ^ 
one of tho resulting daughter cells gets only one X chromosome 
gynandromorph half male and half female results If tho discrep^ 
occurs at the second cell division approximately one-quarter o 
resulting organism will show male characteristics 

In the higher vertebrates however, the evidence indicates 
although the gemc balance usually determines the sex of the indiv 
this IS subject to another, hormonal control Lillie has shown tha 
freemartin (abnormal sexual female) in cattle arises where the c 
of unlike sexed t\\ ms become fused and the blood vessels 
so that the blood of the two embryos becomes interchangeable 
has shown, that this is due to the influence of a hormone secreted V 
male gonad which when earned by the blood into the female ea > 
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replaces the development of normal ovaries and, to some extent, the 
female accessory organs of reproduction with testes and male ducts. 
The female is genetically a female and appears phenotypically as a 
female, but the male sex hormone in its blood during early embryonic 
life prevents the development of a normal set of female genital organs 
and substitutes an imperfect male set. Hughes has reported the same 
phenomenon in the pig. Specifically, the medullary portion of the 
gonad forms sex cords instead of the normal medullary cords of an 
ovary. 

Experimentally, this has been accomplished in several of the lower 
animals by surgically joining embryos, by gonad transplantations, and 
by the injection of sex hormones into embryos. The female sex hormone 
injected into an embryonic genetic male chick causes the left testis to 
become a flattened, ovarylike, ovotestis, and the right testis is sometimes 
affected and the oviducts persistent. Injection of the male sex hormone 
into an embryonic, genetic female causes the cortex of the left ovary 
to thin out and the medulla to hypertrophy and transform into testicular ^ 
tissue at the hilus. 

The first set of sex cords that pass into the gonad form the medulla, 
and this later forms the sex cords of the male. The medulla is present in 
the ovary, and later there is added the cortex. The ovary, therefore, 
consists of two tissues of different physiological capacities. In the early 
stages, the male gonad also has a cortex, but this does not persist. The 
seminal cords of the medulla are already established at the time of mor- 
phological sexual differentiation, and tlic male gonad, therefore, starts 
to function as an endocrine gland before the female gonad to which the 
cortical layer is added somewhat later. 

Whether male or female sex organs begin to develop in the early 
embryonic stages is conditioned by Jthc chromosomal make-up. There 
is apparently no real sex differentiation, however, until after the primor- 
dial sex tissue has been laid down in the embryo. The male organs of 
reproduction have their homologucs (similarity of origin, not function) 
in the female and vice versa (penis and clitoris or uterus and uterus 
masculinus, etc.); in other words, the primordia for both sexes arc 
present, the mako-up of the chromosomes being the determining factor 
' :us to which will begin to develop, the full development in turn being 
conditioned by hormones secrotml by testicles and ovaries. 

Sex is, therefore, <letermincd by the genic balance, and actual differ- 
entiation Is brought about by the sex honnones. That the chromoaomes 
or genes are not of thcmaelvca able to bring about sex differenlialion 
in llio higljer animals is well illustrated by the results following ciutratlon 
(or spaying). If castration of mammals is performed .^oon after birth. 
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the two differently sex-delcrmmcd clasi,®, male and '“““I”' *“^3 
lemam the tame, t c , aex differentiation d<^ not enaiie i>>» 
have the sex genes XX or XY in all the ee is o tlie.r bod-ts, tot ml 
female second iry sex cliaractcra do not del clop in 

Eonad hormones (faco Chaps IV and V) in 

Sex Reversal— Sex reversal has been produced cvper ^ 

several lower forms of animals In the toad, for instance 
rudimentary organ, composed of rounded cells that rcsemb 
located at the anterior end of the testicle This is know 
organ If the testicles of a young male toad aro removed. ^g 

Bidder will develop after 2 or 3 years into an ovary that secretes 
eggs In other words, castration m this species throws the sex 
over to its opposite Expenmcntal work has also demonstra c > 
m poultry, removal of the functional left ovary from a , 

causes the bird to develop the sex plumage and characters of e > 
though it eventually returns to its original character Tins is ^ 

due to the fact that the rudunentary right “ovary,” m the . 

the suppressing effect of the ovanan hormone, develops into a tes 
organ with seminiferous tubules m which some investigators rep 
normal spermatogenesis Occasionally reports are circulated concer 
hens that have changed into roosters and actually sired ofTspnng, 
the case reported by Crew is apparently an authentic case of sex rover 
in the fowl 

In the higher mammals, sex is established at time of fertiliza ^ 
and sexual differentiation begins fairly early in embryonic developmen 
The young embryo has the primordia for cither sex, and its genetic roa 
up determines which one will develop The mechanism, genic, hormona ^ 

environmental, sometimes fails to function perfectly and p&eudo 
maphrodites arc produced These are of various sorts, ic, hoi 
male and the female embryonic pnmordia have developed to 
degrees from slight variations from one sex or the other to practic 
equal development of both sexes, but perfect in neither 1 seu 
hermaphrodites are more numerous in goats and pigs than other la 
animals, and a few cases are known in man where one gonad develop 
into a testis found m the scrotum the other into an abdominally loca 
ovary The external genitalia are also abnormal Whether t e 
aberrations are genetic or developmental is generally difficult to deter 
mine, but many no doubt do have a genetic basis i 

In higher mammals once normal sexual development has occurr » 
complete sex reversal would be extremely unlikely In the huniai^> 
however, the secondary sexual characters of either sex sometimes 
in members of the opposite sex Adrenal tumors have been shown to 
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responsible for excessive growth, of facial hair and the appearance of 
other masculine characters in the human female. Males subjected to 
certain estrogenic substances or males suffering from certain types of 
carcinoma may exhibit marked mammary development. 

In the chicken follo^g normal sexual development and egg produc- 
tion in genetic females, the atrophy of the functional ovary and the 
development of the ordinarily rudimentary right gonad into a sperm- 
producing organ is not uncommon. When this phenomenon occurs, the 
secondary sexual characters of the female regress and there is develop- 
ment of the comb and spurs, and crowing, treading, and other evidences 
of male behavior are common. A few cases have been reported in which 
such individuals have apparently sired chicks. 

Numerous attempts to alter the sex of developing embryos by hormone 
treatments have been made. It has been possible to alter the morphology 
of the sexual organs, but complete experimental sex reversal is yet to be 
achieved. 

Conditions Influencing Sex Ratio. — ^With sex evidently determined by 
the interaction of genes in the sex chromosomes and others in the auto- 
somes and with one sex or the other (vaiying in different species) being 
hotorogametic, we would expect generally to find an equality of numbers 
between the sexes provided there is equality of numbers and viability 
of the heterogametic sox cells, no selectivity between germ cells of the 
two types, and no differential embryonic mortality between the so.\cs. 
Nevertheless, the sox ratio is not always 1:1. Variations from the 
uumcrical equality of the sexes may conceivably he due either to genetic 
or environmental causes. 

Genetic variations have been found in Drosophila. One of these 
behaves as a scx-linkcd and scx-limiled-to-raale gene that, when present 
in a male, cither prevents the Y-bcaring spermatozoa from being formed 
in numerical equality or lowers their ability to reach and fertilize the 
egg, for the offspring of s'uch males have 90 fcmalc:4 male offspring. 
Even in the homozygous form, it apparently produces no ill effect in the 
female. Various lethal and scmilctliul se.x-linkcd mutants are known 
in Drosophila, some of \shicli kill only tho females, because the Y chro- 
mosome carries tho normal allele. Lcthals in tho aiitosomes sometimes 
give rise to peculiar sex ratios. In some interspecific crosses, no males 
or a greatly reduced number is born; in others, tho reduction comes in 
tlio females. 

Environmental conditions are also known that h.ivo an influence on 
tlm sc\ ratio. Seiler ha.s shown that tempcraluro affects the e.xtnision or 
»x't4*nlion of tho X cliromo>ome in a moth (7’fJc/o/>orm tulniluiut) in which 
the female is heterogametic. Season of breeding Iuls Ix^en n’portetl by 
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many authors to have an eltcet on tho sex ratio produced, as 
time^of breeding during heat, ago of parents, etc., but these conte 

are not well-supported. , „iKmn rat 

Effect of Selection on Sex Ratio.— Iving s work with tho aibm 
illustrates the way in which selection may influence tho eox ra lo. 
investigator, starting with two pairs of rata from the same ht c , 
litter brother and sister for 25 generations. With no selection 
sox standpoint in the first six gcncration.s, the sex ratio was 10 , 

pared with a norm of 105. Mtcr the sixth generation, selection 
made along two lines, viz., the .1 line taken from litters wnth an excess 
of males and tho D lino taken from litters with an excess of females. 
The sex ratios ^^crc as follows: 


Table 28 —Sex Ratios in* Kino's In-bhld Rvts 

A-Uno female X A-lmc males 122 3 

B-lino females X BAine males. . . 8J 8 

A-lmo females Xsloelc males .. 115 0 

iJ-liac females X stock males. . ^ 

Combined data for the ti\o inbred lines 102 / 

Stock females X .<l-linc males 102 3* 

Stock females X B-linc males 03 2 

* Kot •IsiuflcAnt lUluticklly, uccordiog to King 


These results indicate that tho sex ratio may bo changed by sclec 
inasmuch as "the straight inbred lines A and B difTer from the norm 
17.3 and 23.2 points, respectively, but no wholly satisfactory 
of the results has been devised. !Miss lung suggested that they mig 
due to differences in chemotactic attractions between ova and sper 
matozoa. Differential mortality rates between the two types of 
matozoa or the embryos arising from them might also be invoU 
Recent analysis of swine data indicates that inbred lines of swine i 
significantly from each other in sex ratio.* , 

Any livestock breeder can cite instances of certain individuals, bo 
male and female, that have tended to produce offspring preponderan y 
of one or the other sex. At the National Dairy Show in 1923, there 
^\as exhibited Financial Icing's Interest, a twenty-three-year-and-nm*^ 
month-old Jersey cow that had produced 21 calves, 20 heifers and 1 bull- 
Thc records at the ^lassachusetts State College show a Guernsey bu 
that left 28 bulls and 14 heifer calves, a Holstein that left 20 bulls an 
19 heifers, an Ayrshire that left 18 bulls and 7 heifers, and a Jersey that 
left 11 bulls and 6 heifers. These are the most extreme cases that can 
be found in this dairy herd over a period of about 15 years. Among 


VEttNov, E. II , Jour Anim. Sa , 7:516-517, 1948 (xVbs ) 
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the cows 3:7, 2:6, 7:0, 7:1, and 7:2 combinations are the most extreme. 
The cows, as a whole, have produced 471 male and 452 female offspring. 
Whether the tendency to produce more males or females runs in 
families, t.e., has a genetic basis, has not been proved, and, if it were 
proved, the introduction of another male might lessen or reverse the 
tendency. A breeder is often faced .with the practical problem of having 
a male that seems to sire a preponderance of male offspring, a bull that 
sires 16 bull calves in a row. Shall the breeder sell this animal and try 
again, or is the tide about to turn toward a sequence of heifer calves? 
There seems to be no categorical answer to this problem, and as in so 
many other situations in breeding the only method is that of trying, 
and the best answer that of experience. 

Conclusions Regarding Sex Determination. — The work herein reported 
seems to justify the conclusion that, in mammals, sex is determined by 
the typo of spermatozoon that fertilizes a given ovum, and the paucity 
of knowledge concerning the factors that determine just what sperma- 
tozoon shall fertilize a given ovum must be admitted. It may possibly 
depend upon the chemical attraction between spermatozoa and ova. 

, Those who argue that sox is dependent on the male are partly right, 
because the germ-cell differentiation in mammals occurs in the male; 
and those who argue that sox is dependent on the female may bo partly 
right, because the ovum may possibly attract some spermatozoa more 
strongly than others. Unquestionably, chemical changes that affect the 
sex ratio do occur in both spermatozoa and ova, and the solution of tho 
problem will result from a more thorough knowledge of both sexes, as, 
no doubt, they both exert loi'go inJlucJice^ 

Sex Control. — Because tho gametes differ in genetic mako-up in respect 
to sex, it is quite logical that their differences may ultimately bo measured 
by physiochcmical, immunological, microscopic, or other techniques. As 
yet, it cannot be said tliat the gametes can be separated oii tho basis of 
their sox potentials or that sex can bo controlled. 

Literally hundreds of “systems” have been proposed for tlio control 
of sex. Most of these have not been subjected to analyses for testing 
their significance, and when statistical analyses have been made, none 
of tho methoils yet proposed has been shown to provide a rcliabto and 
pnictical metho<i for tlio control of sex. 

Some livestock breeders iK'licvc that there i.s a relationship between tho 
lime of horvico in relation to tho oiiset of l»eat and tho sex of tho offspring, 
'riiero h sncli a relation.>jhip between time of znaling and level of fertility, 
hut in view of present data, it docs nut seem likely that tho length of time 
which hi>ernt remain in tho female geiiitaiia prior to ovulation 1ms any 
iuthicme on sex. Other livestock bn-eders have jissoclnled sex control 
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XV, th ovamuacl.^.t^ The .dea tot one pr^ °'Tte obvfol 
nae to male, and the other “"a control set negato tb. 

tallacj that mammalun spem rathe dekmnnation of =ct 

behef The po».ble role of the ” t^at some mditldual 

persists because of to not uncommon observ at. on tnat 

females hav e oflspnng of predommantU one the reaction 

Itesdifficulttotracetheeaaetonginof hehjTOtteist^ 

of the female gemtaha, usually evpresscd l p , reaction 

are numerous vanat.ons of the general ,„d an 

produced hv douching mil result m a prep , data hate 

acid reaction m the production of females . ^ deviated some- 

apparentlj indicated that the expected ratios ha ^ 

what from the normal, the coi^nsus of ^ thut the 

cannot jet be controlled by such ttomques ^ „re well 

secretions m the vanous parts of the female g ^ i,ttle or no 

buffered and tot douching the v agimb ’“Tvoi some mv estigatiom 

effect on the remainder of the tract ,,(,„cn- To the 

have been made on the alteration of the P« ““Cerent pH 

authors’ knowledge, the exposure or storage of sperm at 
lev els has no sigmficant effect on the sex ratio .hromosomes, rt 

Because of the presence or absence of the X or t ^ ^ 

seems logical that there are phjsical or chemical „,gl,t 

It has been proposed that a separation of sperm on the has 

result m a separation of those of different sex potcntia 
some merit, but it is ob\^ou3 that a separation of the sperm 
basis has manj practical limitations It should ho a 

this by centrifugation and fee\ oral mathematical calcum i a^utratioo 

separation ha^e been made It is entirely possible that cen 

under highlj controlled conditions might be effectiie 

^vould ha\ e upon fertihty and whether sex could be effectiv eiy 
is hypothetical , plectncal 

Still another, but not the last, approach is based upon tne 
charge of the sperm of different genetic make-up It has been su 
that sperm of different charges could be separated by b> 

current through a suspension of sperm It has been report 
sampling a charged suspension at the anode or cathode regions 
sex ratio has subsequently been altered \lthough this idea is 
old one, it has not jet been sufficicntlj explored to ■aarran 
elusion that sex can be controlled by such procedure seeiD^ 

"While effectne sex control is far from realization m 1950, i 
possible that advance in the phjsical and biological sciences ,^^ 3 t 
tually make possible the production of males or females at will» or 
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The AH of Breeding . 

ciiAPTnu xvni 

SYSTEMS OF BREEDmO-UNRELATED ANIMALS 

Wo tia\e now completed three icctions of this tc\t on ,be 

The first section w as designed to gn e the student an os cr- 
history and status of breeding at the present time as " , proba- 

duction to the origin and relations of all lit mg forms in '”'™ „„es 
ble physical basis of life and inheritance— the genes and cl . g of 
The second section dealt with the scientific 
reproductive phjsiologj in order to acquaint the student vvi i ,^^,^,0 
mental procedures in the production of a new generation nnu 
the practical procedures that viill best ensure n high degree 

ductivG efTicicncy , rhromo- 

The third section dealt ^Mth the \\orkings of the genes ana ^ 
semes in the perpetuation of similarities and the creation of nc 
among related forms Perhaps the student sometimes ^ on c 
he should learn all the details of mono- and dih>brid crossing, 
inance and epistasis, of lethals, multiple alleles and multiple 
sex linked and -limited inheritance, of linkage, crossings over, c 
some mapping interference and limitation of the linkage groups, 
the vanous and sundry types of gene mutations and pg of 

aberrations for it is so difficult to find examples of the actual wor ^ 
these principles in the farm mammals Kno^^ ledge of the basic 
nevertheless should bo valuable in acquainting the student or 
^\lth the complexity of the problem with which ho is dealing 
rest assured that all these pnnciples arc at w ork in the germ ce s 
animals in his herd or flock, although m most instances so inan> 
are im olved, in such complex interactions, and so few onsp 
produced that the result of the operation of any one principle is ge°® 
difficult, if not impossible, to measure . j,q|3 

Such knowledge should make the breeder approach his 
lem of creating better animal types in a less cocksure manner an 
a greater realization that he is dealing with a complicated mec a 
452 
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which demands as full a knowledge of details as it is possible to achieve. 
In rebuttal, it might be argued that old-time bleeders often achieved 
great success in total ignorance of the basic principles. This must be 
admitted, but we should be aware of the fact that less publicity has 
probably been given to those old breeders’ failures. Their task was to 
create a few outstanding individuals, on which breeds could be built; 
ours is to raise the average merit of all our animals, which can be accom- 
plished only if we fully understand tlie natural principles underlying 
reproduction and the mechanics involved in hereditary transmission. 

This, the fourth and concluding section, will deal with the practical 
matters involved in livestock improvement — selection of animals for 
specific matings. Systems of breeding and selection constitute the only 
tools available to the breeder for animal improvement, since we cannot 
make any new genes but only, starling from where we are, arrange what 
wo have or can buy into more desirable groupings. 

Each breed of livestock, as now constituted, has as its genetic capital 
the complete reservoir of genes as they exist in the living members of the 
breed. Each breed has a certain number of good genes and a certain 
number of bad ones. If the number of good genes can be increased at tho 
expense of the bad ones, tho breed will progress. If the opposite result 
eventuates, the breed will retrogress. 

Neatly all breeds are debarred by their own rules from going outside 
of their own limits for now genes. It cannot hope for any speedy progress 
from tho natural occurrence of beneficial gene mutations, and there is at 
present no known way of creating helpful mutations through artificial 
means. Breed progress depends, therefore, on the relative gains in 
fiequcncy of its desirable genes and possibly their recombination into 
more desirable groupings. New breeds can also bo created, if and when 
that seems desirable or necessary, by combining characters, as they now 
exist in separate breeds, through systems of crossbreeding and selection 
followed by inbreeding. 

An individual breeder, likewise, ha.s ns his genetic capital the genes 
existing in his living animals. Ho, of course, can augment this supply 
by purchase from other breeders. Ho usually does this through the 
purchase of males, 

^ Before tho hreotls were forme<l ns such and their books clo<?etl, a group 
of brooders In a region could and did go outside Ibo not-(oo-dis(inrt 
confines of their own type to get home genes that they de^irod. In getting 
Ihe^o gcKxl genes, they nl^o had to take soino that they did not want, 
’rheir tjusk was, theo'fon*, that of hO mating and holeeting tlieir animals 
that they might rolain the good and divriml tlic bad genes. It was in 
this fa.‘-hion that our purobreds were formed. 
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The pool of genes m any breed has, rn general, seemed to be dasbe 
enough to permit the ideal to range ^ short 

beginning of this century the growth 

legged, deep-bodied, and extremely rapid-fattening D 
rate exist between the various parte as n^ell as tissues J,,,.<led 

this “chutfy” type of hog the bone growth and 8 P 

rapidly to their rather low upper limits, whereas th® * ^ 
fat deposition, came into play early and had ® „f (ft t 

w as an early-matunng, fine-boned animal with a high P _ P ^ 


1 animal wihli a . . 

lean This type of growth was highly favored also by the preva^^^^ 
practice of feeding largely on com The consumer d 

- o a leaner type of animal To meet this “X ’ 

changed their selection ideal as well as their system of feeuu 
late twenties or early thirties, the selection ideal in og 


breeders c 

By the late t\\enties or eany xiurnea, me ocicon.xr** |y 

shifted to the other extreme — that of an upstanding rangy, , _g. 
shallops -bodied, and lean type of animal In these animals 
and muscle-development phases continue for a long time an 
high upper limit, the fat-deposition phase arrives late arid has a lo 
as compared v.ith hogs of the early 1900s Probably if n^ce- 
breeders of “chuffy” hogs m 1900 had been shoun a picture ol tne i 
horse” type of 1930 and told that their job uas to create such a 
their first reaction would have been, it can t be done Due, ’ g 

tho facts that the market demanded a change and that the kind o g 
necessary to produce such a change existed m the gene pool o a 
breeds, the change vas brought about m a remarkably short time 
m fact, the change went too far Some physiological changes are 
complex m their nature, they undoubtedly depend on the 
interactions of a great many genes that probably act in large me 
through tho mechanism of the endoenne glands, and for their fui exp 
Sion they are dependent upon the environment, especially its nu 
phases Similarly, the pool of genes in our present-typo hogs un 
cdl> contains enough of the genes for “chuffy ” type to permit the rex 
of the abo\ o-dcsenbed change from “chuffy” to big type to be 
about should it ex er be desirable to do so dairy 

Another familiar example is the smoothing up of the type of our ^ 
breeds dunng the past 30 >ears While average production 
improx ed, a far greater change has ensued in type also dunng this 
Some might and do argue that the change m production has been 
most of all to better feeding and management This argumen 
hardl> be used to explain the change m tj^pe Again it is cxidcn 
the pool of genes m the x anous breeds contained a sufficient 
genes making for smoothness of topline, proper set of legs, bodj, 
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udder capacity, and general quality so that conscious, directed selection 
for these things could be successful. . - 

In one of our dairy breeds the byword among breeders 30 to 40 years 
ago was “the 30,000-lb.-of-milk cow.” In practicing such selection, the 
genes making for higher fat test were automatically discarded, owing to 
the general negative correlation between high amount of milk and high 
butterfat test. But again there was seemingly enough of a supply of 
genes for higher test left in the general gone pool of the breed to make 
possible the raising of the butterfat test of the breed by at least H of 1 
per cent, although such a change might cost something in milk production. 

One of our breeds of cattle has followed two divergent lines of devel- 
opment, one for milk, the other for beef. The genes for beef are still 
present in the former and those for milk in the latter, so that these two 
strains could bo made to mutually replace each other if there were any 
point in doing so. Similarly, it would still be possible to make any beef 
i)rccd over into a milking breed and vice versa by means of selection 
and systems of breeding. 

With the actual formation of the breeds and closing of the books, 
the door to the admission of new genes, except such as might occur 
naturally through gene mutation, was closed. From that point on breed 
progress became simply a question of manipulating gene frequencies. 

The technique for doing this resides in selection. The breeds or 
breeders try to increase their stock of good genes by permitting those 
animals which have the greater number of good genes to leave many ofT- 
spring while restricting the number of ofTspring of those which have 
relatively few good genes. The first task of a breeder becomes, therefore, 
•VbvA of \\t5vlsnTig mefbods for asccrtmTjmg \bD rotI d 5 genes which liis 
animals possess. This calls for some sort of measurement and for record 
keeping. 

In addition to selection the breeder has the use of the tool of breeding 
systems.^ Some systems of brectling render the germ plasm more 
heterozygous, others make it more homozygou.s. Botli selection and 
systems of breeding can bo used to influence gene frcquoncie.*!, and they 
are tho only means available for doing so. Systems of breeding and 
selection arc the most important problems with which the breeder mu-t 
<!eal. They constitute the art of breerling. 

H should be understood at the very beginning that there is nothing 
about any ftj'.stcm of bn^^ling which guarantees it to In' a succes.s, or, 
on the other hand, that fonslooms it to failure. Popular artirh's sorne- 

* TIk' torm of hrmltn;; M herr Iwltitj uv^*! in n f^nv'. 

Cunstnnt H.Jw:tlon b a nmnling ns nrr nl-to ftt-wirtalivo mul 
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of m»tmgsu^tobcgetsomechampion«.ththemp™^^^^^^ 

mothods should bo adapted b^ all and sundij Hone'^ appbcat.oa 
some successful breeder used Imebreedmg has no necessar; PP 
to anj other herd or flock. 

Similarlj, a crossbreedmg or an inbreeding mipen jj^ppen the 

n ell (or ill) cannot be taken as a rigid standard of irhat will PP« 
next tune or in some other group or class of animals . 

The success or fadure of an> sjstem depends entn 5 ahibtjT" 
nliis of course the breeders abmij 


present m the animals concerned, plus of course the 1 
mate and select intelligenth rtz , 

Ml Exstems of breedmg can be grouped under two cat g , 
outbreeding and inbreedmg Outbreeding includes • 


Loreeaing iueiui±c=> ii^w***- » - - 

mg, crossbreedmg and outcrossing, inbreeding includes 


ssing, moreeumg 

cl^brecdmg Outbreeding w the mating of unrelated 
mg the matmg of related animals \on aU ammaU on eart 

^olutlona^\ process, as the e^^dencD see 


if there has been an e^o 


indicate, t c , an% one m Tibet or Tombouctou probablj ^ 
all\ from the same parent stock from which we f^me and 


same genes that jou and I ha\e, since we all belong to the genus 
The^ so-called foreign peoples are related to us but not ^er5 ® 
Since mhentance la a haUmg process, anj ancestor in the 
back of us means \ erj little, smee his or her mhentance has nai 


c times before it got to us and, therefore, there is % erj 


little of it left 


As an analogy , think of hah mg a dollar fi\ e times — first, hal\ ^ 23 

second, hah mg 25 cents, third, 12 5 cents, fourth, 6 25 cents, filt , 


cents ♦V,«it if 

To nroMde oursehes with a practical working limit, we saj 

■ r back througn 


anj two ammals of opposite sex ha\e no common ancestor t- their 

four or fi\ e generations of their pedigrees, thej are imrelated an ^ 
offspring will be outbred On the other hand, if a sire and dam ' 
common close-up ancestor or ancestors, their issue will be inbred 
This chapter w concerned with the lanous tj'pes of outbreedmg 
Heterosis — ^For a con-siderablc tune it has been reahzed tM 
matmg of unrelated animals is likeh to vield off'sprmg of increasea o 
This phenomenon is called hcterosia or hj bnd \ igor The 
offered to explain it is based on the fact that genes fa\ orable to produc 


v^jiaiu Ik u uu lilt; luvii luuk gcucs j- . 

arc generallj dominant o% er their opposites Species or breeds dei c 


somewhat different sets of fa\ orable (dominant) gene^, and 
hai e «ome unfa\ orable (recessii e) ones IVhen the sjiecies or brecm> 
crossed, one parent maj supph a favorable dominant gene to 
unfa\ orable recessn*e one suppbed bj the other parent and ^uce 
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The offspring, therefore, has a larger number of dominants than does 
either parent and is likely to be more vigorous. If one parent (male) 
was AA hb and the other parent (female) was aa BB, the offspring would 
be Aa Bb. Now if these female hybrids or crossbreds were mated to a 
male oa BB and those offspring to a male AA bh and this system con- 
tinued, the proportion having at least one A and one B would soon level 
off to about two-thirds of those bom. Heterosis is probably due in part 
to the heterozygous condition and 5n part to the presence of more dom- 
inant favorable genes, although what part each plays we do not know. 
Since the hybrids or crossbreds are more heterozygous, how'ever, they 
cannot be expected to transmit so uniformly as purebred or inbred strains. 
The retention of heterosis in various crossbreeding systems depends, 
therefore, on the genetic merit of the purebreds used and on how favorable 
“nicks” result. 

Hybridization, — ^The widest possible type of outbreeding is the mating 
of two distinct species, and a good example of this is the mating of the 
horse and the ass species to produce the mule or the hinny. It seems 
probable that the horse and the mule (also the zebra and the quagga) 
have come from common parent stock. In the dim past natural selection 
working on variation (recombinations, mutations, and chromosomal 
aberrations) began to separate them off into distinct species. The 
divergencies progressed so that now the horse and the ass are distinct 
species. They still have many genes in common, but they also have 
enough different ones so that they are recognized as distinct species. 
Up to now, however, their genetic divergencies, while enough to set them 
apart as distinct spccic.s, have not been enough to interfere with the 
fertilization of eggs of one by sperms of the other. Fertilization will take 
place and offspring (mules or liinnics) will bo born, although the males 
resulting arc apparently always sterile and the females quite generally so. 
Sheep and goats are also related (have arisen from common ancestors), but 
a littlo less closely than the horse and ass since, ■while fortilization between 
them will occur, Iho cmbrj’o docs not roach full development, but is 
resorbed or aborted. Sheep and cattle have also come from common 
ancestors, but in them tho divergence lias progressed so far that even 
fertilirntion is proliilutcd. 

There can be little quc.stion but that nature lias used hybridization 
down through tho eons of time to produce new species. Neither hybridi- 
zation nor any other form of mating jiroduces new genes, all that any of 
them do is to group the old genes into new' combinations. New 
genes do occur through mutations, new combinations of genes do occur 
through the various systems of brtHHling, and tho net re-^ult has Imsui 
e\ olution. 
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(male of the ass familj ) on a mare (fema ^ 

cross has been valued for many centunes Fertilcjare^^^ 

.ported at aanous times, ^ \ Branham of Alontalla, 

anahle of absolute verificatim In 1920, h 


capable of absolute verification In IP-*** ^ ^ ^^en bred to 

Tex reported that a mare mule m lus possession, whic „.ted by 

I^acZ had dropped a Imng foal The contenUon n as support y 

affidavits of the oivner and some neighbore The ma 
the Texas Agricultural and Alechamcal College and, after 
ceL vvhen bred to a jack m 1921, dropped a livmg atalhon crft m 
as the result of being mated to a ^ ’When bred to 

Another fertile mule has been reported from .Uaractenstics 

a Percheron, she dropped a stud colt with no mu e ” ^ „ule 

Still another fertile mule has been reported from of 

bred to a jack dropped a mute foal, and motion , jeviousls 

the birth This mule is said to hate dropped on® °thCT .^eing 

In the above, ^ve ha%e two cases of maro muJes bred J 
mule foals and two mare mules bred to stallions P';®'*"®'"® jeme- 
Since the chromosome number in the ass faimly is thought 
what larger than the 60 found m the horse, the ^erenco m 
above eases is that these mare mules occasionally produce a 8K^ 
tainmg nothing but 30 horse chromosomes, all or essential > 
ass chromosomes having been extruded m the polar “ ^ „jes 

results indicate that these fertile mare mules actually ■’“0"“ chroroo- 
as far as the genetics of their eg^ is concerned If all the no 


as far as the genetics of their eggs is concemea ii ^ 

somes were extruded, these mules -nould function of 

■Vrt />tE<aa of this sort have vet been reported, and the pos 


somes were exiruacu, 

Xo cases of this sort have yet been reported, and the p ^ 

sccunng a fertile hybnd stram of true-breeding mules is as re 
ei er and would seem to be theoreticallj impossible camplioS 

The genetic pedigree of these offspring of mules illustrates the 
nature of the hereditary process, for they should e\ idently be wn 


OffspnnK t 

Iloree if b} stalUon ) 
Mule if b> jack 


/ Stallion or jack 


(Stallion or jack 
I Marc or jennet 
/ Stahion 


tThis line of pedig^ 


( Fertile mule 

(passed on nothing yinis ime 
but horse chromosomes) ( ol literatcd gene ica 
\from this point bach 
Tg ISO- — Ped gree of offspring of a mule 
'Pec /our Itrrrd 1930 p MO 
* ®ee Jour Ilered 1930, p 518 
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The mule approximates more closely to the ass than to the horse Jn 
general characteristics. 

The hinny is the reciprocal of the mule, being the result of a staliion- 
jennot cross. It is said to more closely approximate the horse in general 
characteristics. The hinny has never become popular or numerous. 

The zebroidj a zebra-horse hybrid, is fairly popular in the tropics 
because of its docility and its resistance to disease and the effect of the 
heat. 

Several hybrids in the genus Bos are fairly common. Of these one 
of the best kno^vn and most valuable results from crossing the zebu, or 
humped variety of cattle (Brahman), on ordinary cattle. Heterosis is 
evidenced and the zebu’s resistance to ticks, fever, and various diseases 
is at least partially dominant. This cross is quite common in Brazil and 
seems to be gaining in popularity in the southern part of the United 
States, especially in Texas, hlore will be said of it later. 

Bison and cattle belong to the genus Bos and arc interfertile. Bison 
bulls are bred to domestic cows to produce this cross. Males are seldom 
born alive, owing cither to their height back of the shoulders, which 
prevents their passing through the cow’s pelvis, or to too groat a quantity 
of amniotic fluid, and seem never to be fertile. Some of the females are 
fertile. The first cross, bison bull on domestic cow, is called a hybrid or 
halj-hrcd hisoTi. The second cross is made by using a domestic bull on 
tho foregoing hybrid. Tlic females resulting from this cross are mated to 
bison bulls and tho offspring aro termed catlaJoes. Besides more rapid 
gra\\i,h and greater vigor, the following advantages over cattle arc 
attributed to the cattalo, viz., greater resistance to many diseases, includ- 
ing blackleg and Texas fever, higher dressing per cent, failure to run from 
heel flies and to drift in storms, lower feed requirement, and a greater 
ability to withstand lack of water. 

Grading. — Breeds of animals arose by slow degrees from tho general 
population of livestock by a process of selection. Along with bettor flesh- 
ing, milking, or other qualitic-s, certain brood trade-marks, such as color 
of hair or wool, shape and set of horns, etc., were secured. By systems 
of mating (often involving quite close breeding) and a continuous dis- 
carding of animals that did not show the desired combination of char- 
acters, animals which would breed relatively true were finally .‘secured. 
Wlien tin*? Imd bwn accomplished, tho obvious best thing for tlio breeder 
witiumt purei)reds to do wi« to hceurc a purcbnKl sire to u^o on his 
grade animals, ’flius the brt'oding system knoum ns yradiny came quite 
natundly into l>eing. 

Gra<iing U the j)racticc of uring purcbretl sires of n given pun* hnssl 
on native or gnido females. Its puriio**c is to <!evelop unifonnity ajid 
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to mcreaso productmty 

are generally capable of purposes ^^rthm 

selected for many genorat.ons for Pf 'f ^ Ian that a 

rather narrow limits and specifications 

purebred Mill necessarily effeet an ;„ed, there are 

animals, for, unfortunately, as B quite y ^ urebreds The 

men at the present time a uniformity and to 

average purebred, however, uiU help to bn"g , used for 

increase productiveness in the average gra af 

this purpose The first-generation offspring w 11 f ^ d sire 

pure “blood ” men these in turn are mated rf p„re 

of the same breed, the resulting offspring ^ ® „ne breed 

-blood," etc After five or six top crosses of this " h 
has been adhered to for the sires, the animals are, ‘ ^ Th« 

purposes, purebred, though they arc not eligible to regi^ charactcr- 
Xau^'he purehreds have certain Xf-ght-cur if 

istics that breeders do not want to see rL“try, it bemS 

five or SIX top^rossed grade animals were admitted « ‘^o some 
possible and probablo that the grades would be 'X, " thertand 
genes m their germ plasm for undesirable charactenstics tr 
point of the pure breed which would, at some future time, P 

the breed , . i rvi cent, the 

As the amount of pure "blood” approaches closer to iw p 
grades come to look and behave more and more like purebre , 
finally come to be practically indistinguishable from them , g,rc 

female has 100 per cent grade genes Her offspring by a p 
has had one-half of its grade genes replaced by purebred gen 
of these first-generation grade females is in turn mated to a 
bred sire, its offspring will m turn have had one-half of is 
grade genes (50 per cent of those it has) replaced by purebrW g 
We, therefore, would expect the greatest improvement m t ® , 

and less in each succeeding generation as the number of pure 
IS increased tendenc) 

The fact that some grade animals outdo some purebreds has a 
to lead some people to the erroneous conclusion that grading 
than pure breeding Some purebreds hai e the genes that gi' c 
external trade-marks of their breed but few of the genes or ^ 
production Grading %Mlh this sort of purebred will not lea 
lmp^o^cment, whereas gradmg with purebreds that ha\e not 
external trade-mark genes but also a goodlj suppb of thoMj c ^ 
efficient pro<luction is ill lead to rapid impro\ ement The xn'ij 
our animals arc produced by gr^e breeding and probably wi 


SYSTEMS OF BREEDING— UNRELATED ANIMALS 


4G1 


to be, as long as the average merit of the purebreds continues to excel 
that of the average commercial herd or flock. Here lies the real challenge 
to the purebred breeder to devise ways of ascertaining just what genes 
his animals do possess and also the means and the courage to rid his 
stock of poor genes. 

One of the principal functions of the pure breeds is that of seiwing as a 
source of seed stock for commercial producers. The commercial producer 
depends upon the purebred breeder to supply him with concentrated 
doses of good genes, which in turn means that the principal task of the 
purebred breeder is that of ridding his stock of poor genes. With such 
a double-barreled system in full operation, it would seem logical to advise 
the average man starting in the livestock business to start "v^dth the 
system of grading. It will be admitted at once that this system leaves 
something to be desired, but it must also be admitted that it has its 
advantages. The most important consideration is, no doubt, that of 
cost. With grades, a start can be made for considerably less money 
than would be required for purebreds. Breeders of purebreds recognize 
that this practice is sound and advantageous to them, for it will furnish 
a market for all of a breeder’s really meritorious males and for his rela- 
tively few excess females, most of which he will need to keep and test. 
It will mean more business eventually for breeders of purebreds to have 
beginners start \ritli a grade herd and a purebred sire and later, when 
they have learned something of the business and have become established, 
change over to a purebred basis. If beginners are induced to start 
with purebreds, the herd must bo a small one because usually the capital 
at hand is limited and the opportunity for eventual success and grov’th 
in the business is thereby greatly curtailed. Many men have started 
with purebreds, have soon become discouraged, and cither have gone 
back to grades or have gone entirely out of the livestock husine-ss. 
Besides the greater initial cost of starting with purebreds, there is another 
influoncQ to consider, n'z., that when a man has invested in purebreds, he 
is quite likely to think that he ouglit either to sell all his liord increa.‘«e 
at rather high prices or to retain it in his own licrd as breeding stock. 
Tills is an element that hurts the purebred breeding business in many 
ways. In the first place, all the increase of these herds is not capable of 
improving the breed, and a part of it should go to the packer. The 
average man will not liositato to send surplus ofT-type or low-producing 
grade offsiiring to the butclier, hut it lakes more' courage than some men 
possess to MMJ the olTspring of purebreds, for nhich they have p:i‘ul <’on- 
hidenihle money, going th.at way. For purtdy commercial purpo^t^M, a 
hertl of gooti gradi' animals, hoadc<l by a gom! piirohnnl sin*, is just as 
enicjcnt and will make the owner ns much money iw a herd of purc‘bre<ls. 
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For the young breeder, it is a senora both sides, 

purebreds or grades Many a^<=" .ettkd individually » 
and m the final analysis it is a matt „iiat old timeworn 

uould no doubt often be possible to start iv.th someivhat old, tun 



lia 131 — Showing results of grading up 


Scrub cow No 60 Average 
production 3 313 2 lb of mdk end 
178 47 lb of fat 


Balt blood No 2« ou^ 

ot .crab No 00 Avcr.g. pnj 
duetion 0126 4 lb ©1 ®il 
S4S 08 lb of fat 


Three-quarter bW 

348 out of half blood Jersey 
241 


No 

No. 


(,fTom low Agr 


purclimls about as cheapl> as with Rratles A prospcctitc > 
mipht find that ho could secure mduiduals that were growinp o t 
w ilh onh three pood quarters etc for the same pnees he w oul ‘ 
pa\ for pradcs If such animals were of pood blood lme.s, had no ^ 
tar> defects or uiwoundncNscs, had a reasonable prospect of pro< uc 
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few moie offspring, and could still produce enough so that they would 
yield a little more than the eost of their keep, they no doubt would prove 
to be prohtable investments. Young breeders of limited means who plan 
eventually to have puiebreds may well consider this and somewhat 
simdar plans for getting good “blood” (good genu cells) at reasonable 
prices 

hIcCandlish, Gillette, and Kildcc, at the Iowa Agricultural Experi- 
ment Station, graded up a herd of scrub cows with purebred sires of the 



I to n2— The Rrado Cl>desdnIo Rcldinji, Major ^^ac^ft^lane, champion at the Intcr- 
nntinim) 1021 ami 102T JIo is only two j;cnrration8 rcmoi ed from a enj uvi marc 

(Ijiirj' breeds The first-generation grades produced 55 per tent more 
milk and 1 1 per cent more fat than their dams, and the second-generation 
grades producetl 110 per cent more fat than their scnil) granddams, 
owing to the fact that tltc'so cows not only produced more milk, but 
bad longer lactation periods, things for which the jiurchreds iwivo been 
Hoiected for a great many generations The champion gelding at the 
International livestock Exposition in 1921 and 1923, Major ^^ac^arlano, 
was a gnule hor^e two generations removed from a cayuso or Indian 
]) 0 ny mare The thousands of purebred l>eof bulls that lia\ e been u«efl 
on tbc cattle of the Wc'-tcni ranges during the last half centurj* haie 
grodfsl up the^e henis and greatly impro\e<l tlie quality of the can.a»t«s 
prtMuie<i. 
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The folloTving' is the summary and conclusions following 10 sears of 
grading up beef cattle at the Sni-a^Bar ranch in Iilissouri 

The use of purebred sires of acrcptable quality 
ment m the quality of the calf crop, as shonn by “/,„th coLoa 

The greatest single step tonard improred quality, ““P „nd marhet 

stock occurs in the first cross Subsequent crosses increase quahtj and ma 
aalue still more, though m less marked degree 

Quality and best market pnees are appronmately in proportion 

of crosses of pure breedmg t-eorabh '"O' 

After the third or fourth cross the offspnng ^ ^ 'about 

purebred stock in conformation and only exceptionally good sires can E 

further improvement , .1 market 

Steers sired by purebred bulls at Sni-a-Bar ba\e PP 

16 out of 20 times and ha\e 4 times been the highest for the j ea 
on the*Kansas City market for fat j earling bee% es through 

Early maturity is a conspicuous result of beef -cattle impro\e 
the use of purebred sires ha\e “old 

Steers raised at Sm a-Bar Farms as a part of the . 1 ... cattle 

consistent!} for about $2 a hundred pounds more than the a^ 0 l 

on the same market, and during the penod of high prices m 19 
S5 95 a hundred aboi e the market a\erage — so far ft* 

Show nng results are in general agreement with market preferenc 
indicated by the successful showing of 8ni a-Bar stock m market c 
sales of similar cattle on the market f/xr in the 

Tlie demonstration shonis clearly that breedmg is a dominant lac ^ 
production of high-quaht} beeves and that good feedmg and managem 
not return best results unless the element of good breeding is present a ^,00 
In grading up farm cattle the quality of calves is approximately m pro 
to the individual excellence of the sires used, hence the importance o se 
bulla possessing qualities sought for in the offspnng about 

Attendance at the grading up demonstrations has increased _^,oo 

500 persons m 1917 to 10,000 m recent years, indicating a wide public recogm 
of the practicability of raising better cattle 

- arcade 0 ^ 

Purebreds do not alwa}s effect improvement when used on 
nativ e animals The reason for this may be genetic — lack of su 
good dominant genes m the purebred, as already mentioned It 
also be due to environmental or environmental and genetic .^1 
Purebred stocks which give good results in one set of 
conditions do not alw a} s giv e fav orablc results in somo'different cQ' 
mental milieu Purebred dairy cattle from temperate 
degenerate when used m tropical areas, and tbeir offspnng do not > 
the V Igor and constitution for high production m the wanner clnn 

» l/J? bept Cir 74 1026, pp 26-27 
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!For grading to bo successful, it is jiot enough to use good purebreds, 
but these purebreds must have evidenced the ability to perform well 
under the conditions which their offspring must meet. 

It often happens that under grading-up systems the offspring receive 
better care than did their female parents. In this way merit which 
is environmentally caused is likely to be attributed to genetic worth of 
the males used. This same feature may be found in artificial breeding 
where the proved sires* offspring may tend to get better care than did 
their grade dams, thus falsely giving genetic credit to sires. 

Crossbreeding. — Crossbreeding includes several types of matings. 
Most generally the term means the mating of purebred animals belonging 
to different breeds. It sometimes is used to describe the mating of 
animals belonging to different species, e.g., the horse and ass cross result- 
ing in mules and hinnies, but this might better be called hybrid breeding. 
Again the term cTosshreeding is used to cover cases of mating purebred 
sires to high-grade females, but this actually is grading. 

Crossbreeding brings together more or less divergent sorts of germ 
plasm and may result in considerable uniformity in tho F\ but may give 
rise to variations, especially in the Ft and subsequent generations. In 
this, ns well as in tho matters of size, vigor, and fertility, one or more of 
which crossbreeding usually increases, it is quite often tho opposite of 
closebrecding. Crossbreeding has both desirable and undesirable 
features. 

Crossbreeding is used to a considerable extent in tho production of 
meat animals, because crossbred animals often show an increase in growth, 
vigor, and efficiency of feed conversion over either one of their purebred 
parents. Some of the grand champion steers at the International Live- 
stock Exposition have been crosses among Ilcrofords, Angus, Shorthorns, 
and Galloways. California Favorite, tho grand champion in I91G, was 
a crossbred Shorthorn-IIcrcford and was reputed to liavo been one of the 
fmo.st steers ever exhibited. A crossbred Shorthom-Angus won in 1911. 

Crossbred animals arc often superior to purebreds in individual merit. 
0^\ing however, to their heterozygous nature, they often lack tho ability 
to transmit breed trade-marks in a uniform manner. A IIcrcford-Angus 
crossbred will bo black-bodied, whitc-facc<!, and polled and heterozygoiis 
for all three characteristics so that eight different comhination.s of these 
three pairs of genes will bo found in such an animal’s germ cells. If, 
ho^^(•ver, the parental IToroford and Angus had the genes for desirable 
meal tyjye, tho cros.shrcd would probably bo of good moat type ami 
would also transmit it. 

.V great many crosAbroetling experiments have IxH'n carried out during 
the ivo-st 30 years. In March, IP2I, a double litter of pigs was bom at 
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the farm of the College of Agrieulture of the ^ f ]‘'”°both^a 

rvae a double litter in that a Duroc-Jcrsey sow ™ 

Duroc-Jersey and a Poland-China boar at one estra . ^ 

litter contained 10 pigs, G of which fSntlfcrosSreds 

other 4 were spotted red and black and, therefore, evidently cros 
Id by the p'^iland-China boar ^e P-^-d pigs weighed ^3Jh 

each at birth, whereas the crossbreds averaged 3.75 lb. ^ P 
all handled and ted in the same manner, and at six months t 
purebrcds (females) averaged in weight 185.6 lb., whereas th 



o/ Animal JJuibandri/ DepartmmS, Purdiu Umvermi]/ ) 


averaged 235.2 and the 2 female crossbreds averaged 228 lb. This 


striking example of heterosis. fin*^ 

Roberts and Carroll carried on an cxi>eriment involving doub e 


ivoueris »uu eurrieu on an expermieub — 'DiirOC' 

of Poland-China and Duroc-Jerscy sows to both Poland-China an 


oi 1 oiauu-v.>iiiuu auu A./uroc-»ien>cy sows hO ouhu r . 

Jersey boars in which 5 crops of pigs and 105 litters were 
these 24 litters were purebred, 10 crossbred, and 05 were mixed ^ 
Litter size for purebred litters was 8.0 pigs, for crossbred litters 
and for mixed litters was 9.8. All purebred pigs averaged 2-0 
birth, all crossbreds 2.04. When paired for sex and in same 
purebred pigs weighed 2.G3 lb. at birtb, the crossbreds 2.70. 
little difference in strength at birth between purebrcds and cros- 
judged subjectively. The mortality before vaccination (average ® 
dax's) was 43.3 for the purebred pigs, 41.1 for the crossbreds. 
purebrcds and crossbreds from 20 litters were used in feeding te*'® 
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the follo-wing results in pounds: initial "weight, purebrcds, G5.3 ; crossbreds, 
68.4; average daily gain, purobreds, 1,59; crossbreds, 1.65; last "weight at 
same age, purebreds, 179.1; crossbreds, 185.6. Tlie following^ is the 
summary of this work: 

Double matings were used ^ith Duroc-Jersey and Poland-China swine to 
produce litters that contained both purebred and crossbred pigs. 

A significantly larger number of pi^ "were produced in litters sired by two 
boars (mixed litters) than in litters sired by a single boar (purebred or crossbred 
litters). 

The birth weights of purebred and crossbred pigs were subjected to three 
methods of analysis to determine whether the differences between them "U'ero 
significant. By the method considered best adapted to the problem, a small but 
significant diflerencc in favor in the crossbreds was demonstrated. 

Among pigs farrowed alive the strength gradings were slightly in favor of the 
crossbreds, but a slightly larger percentage of crossbred pigs were farrowed dead. 

Mortality before \'accination was slightly less in crossbreds than in purebrcds. 

Small differences in favor of crossbreds were found in respect to •^veight at 
beginning of feeding test, daily rate of gain, feed per 100 lb. of gain, and weight 
near market age, but those differences were not satlstically significant. 


TAm.E 20. — PunnBnr.t>-CR08SBRF.D Coupawbon* 





Weight, 

birth 

Number 

wenned 

Weight, 
70 days 

Daily 

gain 

Feed, 

100- 

pounds 

gain 

purebred Yorkshires. 
I’urebrwl Chester 

38 

10.6 

2.40 

7.0 

3S.4 

1.21 

376 

\VhHca 

York. male X Clicster 

3G 

9.8 

2.38 

6.6 

30.4 

1.30 

403 

IVhito female 

Chester 'Wliito male 

29 

9.9 

2.49 

7.4 

42.7 

1.35 

371 

X York, female.. . 

29 

10.1 

2.42 

8.0 

42.8 

1.33 

370 


* 1 ron> Joira Agr. JUrpI, Jlbll 3SO. 


Cro'*.sbrocding between Chester White and York.shiro swine nt tbo 
DuTw.m wf Animal Industry Farm at MUca City, Moat, la aumroarlteMl 
in Table 20. 

If we.avenigellie above figurej*fortho purebre<lH and for fl>o cros.sbre<J‘i, 
VO find that the cnj'V.breds v-e.-iniHl 8 p<>r cent more pigs vlnrli weigljed 
U per cent more at 70 days uimI gained 7 iK*r cent more per day up to 
market weight on 5 per cent less feed than the purehixHls. 

» IPmrnrn, IL, ftiul Caiuiou, W. I!., .t Stinly ef IfjbnM Vtji^jr In n )w'twr->'n 
nn<l I’hiniC'Jfrm'y Ftrjni*, Jour, Ayr, It<$. Vol 50 , So. II, 
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The Iowa Expenment Station reports 

crossbred pigs from the DurM Jersey, crossbreds more vigorous 

Landrace breeds W fo'Tor Btillbom pi^, ( ) ^ 

at birth and more reach weaning ago, (3) crossDreQB 

:: weaning (4) crossbreds gained 0 09 to 0 12 lb ^ore per d y, ^ 

breds sa% ed 10 to U days m reaching a weight of 225 lb , W 

saved 25 to 30 lb of feed m reaching 225-lb weight 

The crossbred sows observed m this study praved to > 

either when mated back to a boar ot one of tho breeds or to a b ^ 

third breed When sired by a purebred boar the pigs from ‘h g, 

either backcross or three-breed cross, eomparrf favorabty to 

There is some general reason to suppose that breeds diff 
crossing and also that families or strains j«thm ea.h 

evidence to determine \%hich breeds can be ^ ^nd can 

other, nor i\hether distmct families which cross better than others 
be identified and maintained mthin pure breeds nurebred 

Crossbreeding can be continued as a steady policy only by ^ 

herds for the boars needed for replacement Crossbred be 

^alue than purebreds as transmitters of inhentance ® xu. hybnd 

used successfullj for breeding if the boar is a purebred In this 'nay 
vigor of the crossbred dam in nursing and rearing pigs may ,„i,Gntance 

to more than compensate for her lower value as a transmitter ^ 

No such offset for his lowered transmitting >alue could exist m ‘ ^ a 

crossbred boar Planless and unsystematic crossing may quicWy 
mongrel herd from which the o-wner will get neither profit nor pnde o 

Carroll* and Roberts have analyzed reports on crossbreeding 
U S Department of AgncuUure, nine state agricultural evper 
stations, and six foreign countries involving over 50,000 anima 
measured hybrid \ igor m the aspects show n m Table 30 _ 

Carroll and Roberts took the following as their point Aero'S” 
“For crossbreeding to be judged beneficial, the performance o le 
breds must excel the performance of the better of the tbis 

strains of purebreds ” Only in one item “a\erage daily gum ^urf- 
happen by 0 000 lb per day We think it fairer to compare toe 
breds with the a\erago of the parental breeds as is done m u ^ 
right-hand column In fi\e of the six items the crossbreds arc s >6 
better than the average of the purebreds . 

A tnple-crossing experiment with beef cattle has been carrie 

>Ii.»ii J U Siii-AiUR P S , and Cuuifutson C C , Crosslm-ciling 
Pork Prtxliiction lova Agr Fxp Sta Bull 3S0, 1039 _ 

• Carroix, W and lloBUtrs, L , Crossbreeding in Swuie, lU Agf 
Bull 480, 1912 
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Table 30 — ^ANArrsis of Crossbred Swine 
Adapted from Carroll and Roberts 







‘’e by 
which 


Larger 

purebred 

Smaller 

purebred 

Crossbred 

A^ of 
purebred 
parents 

cross 

breds 
excel 
av of 





i 

pure 

breds 

Size of litter 

A\ birth weight 
Survival ability 
Weaning weight 
Av daily gain 
economy of gam 

1 538*— 10 1 lb 

1 728 — 2 00 lb 

8 288 —80% 

15 522 —33 4 lb 
489 — 1 43 lb 
346 —386 Ih 

1 081— 0 4 

4 I7&— 2 65 lb 

15 874—72% 

8 133—31 7 lb 
574— 1 3191b 
274—332 lb 

1 515— 9 5 

6 137— 2 70 lb 

9 935—80% 

9 519—33 3 lb 
794— 1 436 \b 
591— 36S lb 

0 75 

2 770 lb 
76% 

32 So lb 

1 3745 lb 
374 lb 

; -2 S 

1 +0 6 
+5 3 
! 4-2 3 

1 +4 3 

1 +1 6 


* First figure jn each column shows number of pifis involved 


ICnapp, Baker, and Claik of the U S Eange Livestock Experiment 
Station in cooperation with Montana Agricultural Expenment Station 
Eandom-selectod Hereford cows were mated to Shorthorn bulls, these 
females to Angus bulls, and these females to Hereford bulls, and the 
offspring tested against purebreds over a 2-year period for each cross 
Five to eight purebred Heieford steer calves from each Hereford sire 
used were fed out against the crossbieds Table 31 shows some of the 
steer data, more fully reported elsewhere ‘ 


Table 31 — Triple Crossing in Beef Cattle 



1 

1st generation 
n\ of 2 years’ 
results 


3d generation 
TV of 2 ycirs’ 
results 


Cross 

breds 

Pure- 

breds 

Cross- 
breds 1 

Pure- 1 
breds 

Cross 

breds 

Pure- 

breds 

No of steers 

57 

G7 

24 

91 

20 

101 

Birth weight, lb 

■ggil 

79 3| 

78 7 

81 3 

82 1| 

81 3 

Wcinmg weight, lb 

123 


440 

390 

407 

388 

1 mil weight, lb 

918 

879 

974 

887 


! 912 

Duly g im per feed lb 

1 92 

1 76 

2 00 

1 80 

2 32 

2 10 

Gun per 100 lb TDN, lb 

Ucturn nbo\c feed and marketing 

18 3 

18 0 

17 4 

18 3 


19 0 

costs 

$52 87 

50 31 

78 30 


160 13| 

133 12 


« Knapi , B , Jr , IUki n, A L , and Clark, 11 T , Crossbred Bpof Cattle for tJie 
Vortlurn Grtnt Thins, US Dept Agr Cir 810, 1049 
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BREEDJJ.C AND IMPROVEVBNT OF FABV ANIMMS 

In the females, the tveamng weight and weaning score of 
wath each generation and all generations were super t tl ^ The 

weight, of the heiteni at 18 months were also n fa or of t^^^ 
first-generation ciossbreds were the heaviest at inaturitj, 
the purebred Hereford, and the second ^neration eroated, 

oLrth Btudie, indicate ttat the fimt^neration „ „„,,bred, 

mature weight, but up to IS months ofage were the 

were heaiaer than the first generation The “ „termed.ate 

lightest of the three groups up to 5 years of age when ^y >>ee^,';' 
in weight between the first- and second generation „os,bred 3 than for 

The calf crop percentages as a whole were higher for the 
the purebreds , 

We assume that there was no selection m either ® „f 

heifers were all kept to produce further crosses and ‘>'0 off P 
random-selected Hereford cows bred to random selected Hereto 
were saved each, year to compare w ith the crossbreds 
The authors’ discussion follows * 


The data presented indicate that all three generations of 


m nearly every charactenstic than the purebreds fed dunng _ j.^jual sir®® 

handled as nearly the same as possible In progeny groups jouod 

among both the purebreds and the crossbreds considerable vana i -roups 

For example, m daily gam in the feed lot four purebred Hero 
outgamed the crossbreds and four others gained equally as well period 

groups ^ere also observed that weighed more at the end of the o^er 

that sold for as much per hundredweight, and that returned more 
feed and marketing costs than did the crossbreds None of ^fulpess 

were used to produce crossbreds in the third generation because of t eir 
in another project ability 

Of eight bulls whose progeny on feed showed equal or superior gaini j^grit 
to the crossbreds, seven are from one inbred Imc that has shown sup 
in rate of gam However, in the case of the three Hereford the 


purebred and crossbred herds, the crossbred progeny materially ®^^^ggljort 
purebred progeny from the same sire The same statement applies to 


purebred progeny from the same sire Ihe same statement appuco that tb® 
horn bulls, based on tests at Beltsville These results seem to indica 


nurn uuiis, uaseu on lesw at i>eiisvuie xueso lesmts vw • — J 3 ul!s < 

best results from crossbreeding are dependent on the procunng of goo fetter 
indications are that the progeny of all bulls in this expenment perform 
vhen out of females of a different breed than r\hen out of females o 


breed as the bull 


For range producers of feeder cattle crossbreeding has a distinct disa ^ 
that should be mentioned Order buyers of feeder cattle tend to pure 
of uniform breeding, type size, color, and quality Thus, crossbred ca 

* K'iapp, B , Jr., Baker A L. and Ceark, It, T , Crossbred Beef Cattle f 
Northern Great Plains UJi Dej* Agr Ctr 810 1949 
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mixed colors are often discnminated igamst with a resulting lower price per 
hundredw eight The feeder buyer may be justified in his antipathy to off colors, 
bee lusc of the fact that inferior bred ammals of poor fattening qualities may 
appear similar to the better bied crossbreds especially at the younger ages Yet 
the finishing qualities of the two are sure to be different It would seem, there 
fore that unless the range producer is either selling direct to the feeder or produc 
mg grass fat steers, the advantages of crossbreeding are laigely lost on the feeder 
market Such a disadvantage does not exist on the fat-cattle market where 
puichasc IS made on finish, quality, and killing yield 

Tlie crossbred females w ere excellent range cows, high in fertility, and produced 
very heavj calves at weaning time There seems to be a distinct advantage in 
crossbreeding from the female standpoint The second and third generation 
alves appeared to profit as much from the fact that they were out of crossbred 
cows as from being crossbreds themselves Milk production of the crossbreds 
w as high yet it was not necessary to milk out any of the crossbred cows to prevent 
spoiling of the udders 

The conclusion seems sound that crossbreeding can be earned on most profit- 
ably where the range producer is able to crossbreed systematically and where he 
either feeds his own steers or sells direct to the feeder 

Commercial moat production can perhaps be earned on most easily 
and most profitably by crossbreeding provided good sires are used For 
the purebred breeder to equal or surpass the results of crossbreeding, 
performance data must be collected and evaluated and relatively pure 
breeding lines bo built up through close- and linebrecdmg 

Crossbreeding w ork with dairy cattle has been in progress at Beltsville, 
Md by the Buieau of Dairy Industry since 1939, using Holsteins, 
Tersoys, Guenisojs, and Red Danes Since production data on the 
parental stocks was limited, practically completely lacking for the sires, 
it again is difficult to evaluate the degree of benefit from heterosis Two- 
breed and tbree-brcod crosses have produced very well This could be 
anticipated if the parent females had a good hereditary complex to start 
w itli (genotj pe perhaps exceeding phenotype) and were to be mated to 
lugh-transmitting males down through the generations of crossbreeding 
AVc would also anticipate good results from straightbrecdmg these cow’s 
to good sires of tlicir own breed, m fact the Bureau of Dairy Industry 
lias improved both their Holstein and Tersey herds from lev els of over 
GOO lb of butterf it to that of ov or 800 lb by the use of a succession of 
prov cd sires in c ich breed Good females (from good families) mated to 
good sires eitlicr m straightbrocdmg or crossbreeding will yield mcrcas- 
mglj liottcr offspring Peril ips a slight amount m production will bo 
g lined b} crossbreeding but whether a crossbred dairj herd at the 525 lb 
of buttorfat loiel is worth more than a piucbred liercl at a 500 lb level 
might bo i debutnbU point 
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Crossbreeding for the Market-Next to grading, ^ 

most extensirelj in the production of meat animals 
Its greatest use up to the present has ^ of 

and least of all Mith cattle and horses In cattle a small 
crossbreeding is practiced between Angus or Galloways a jj ^fords 
horns to produce the blue-gray crossbred, between Angus and Heroic 
to produce black ammals with white faces as well as * „[ 

the beef and dairj breeds Some beef ranches use a sma 1 
bulls of another breed to utilise somew^t P”””’’ ® blood 

whereas m some of the Gulf states a small proportion of Brahman 
IS maintained m the cow herds to give added resirtance to insert 
disease Crossbreeding has also been used in cattle for the P ^ 
studj mg the genetic mechanisms m\ olved in the transmission o 

and milking propensities clipenmen 

Crossbreeding is also practiced quite extensively by range 
by using rams of the Down breeds on grade Menno or Ramboui 


for the production of market lambs pp 

The most extensive use of crossbreeding has occurred ni . g 
One system is that of using purebred boars on purebred or high gra 
of another breed This often results m the production of g 

cheaper gams The problems m this system are (1) the con * _ 
search for good sires (but this is true m all breeding) and (2) the pr 


of female replacements . of 

The rate of replacements will of course, v ar> n ith different c 
h\ estock With cattle the useful life of a cow probably av erages ^ 

4 and 6 jears, which means that 10 to 25 per cent of the 
replaced annuallj , so that m a cow herd e\ en w ith 100 per cent r^^^^ 
enicienc>, which of course is seldom achieved, one-third to v 

the herd w ould hav e to be bred to a purebred sire of the same br 
>car and all the resulting females raised m order to prov ide replac _ q 
at home With ewes the length of the useful life is also 
jears, 80 that a somewhat similar proportion of the flock must 
pure each jear, though this may be reduced somewhat if the perc 
lamb crop exceeds 100 With sows the useful life is from 4 to ^ 
and, because thej maj be managed so as to produce six to cig F 
twice a jear, the replacement problem is greatlj simphfifi^^i 
replacements could be prov ided from one purebred litter each J ear 
Tor the production of market animals the crossbred females 
used for breeding purposes, thus making use of anj gam m fcrtihtj n 
milking al)iht> due to their heterozj gositv W orkers at the 
Experiment Station have suggested svstems known as crtsscrossm^ ‘ 
triple croTsinj In crisscrossing sows of breed A are mated to a boa 
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breed B Crossbred gilts from these matings are then selected and bred 
back to a boai of breed A, selected females from these matings being 
mated to boars of breed B, etc 

It IS seen from Fig 134 that the crossbreds under crisscrossing soon 
come to have about tr\o-thirds of then blood from the breed of their 
immediate sire and one-tlurd from the breed of their maternal grandsire 
The Minnesota Station reports * 


The crossbred litters averaged from one-third pig to two pigs larger at w eamng , 
on the average, each pig weighed from 5 to 7 pounds more at weming, and the 
litters weighed from 39 to 96 pounds more than the purebreds The crossbred 


Crossbreds 1 100% 

A 68 S 

) Crossbreds 
f A 37 5 


/b 

' 100 % 


/ibo% 


Crossbreds/ 
A 75 
B 25 


100 % 


Iia 134— Discram of cnsscrossjng 


\A 

\l00% 


renphed n market of 220 pounds from 17 to 22 (hjT? earlier than 

coinpmiblc purebreds, and tbcj reached that eight on from 27 to 30 fewer 
pounds of grun 


Another sjhtcm of continuous crossbreeding m\olvcs the use of three 
pure breeds and IS kno\Mi ns fnpfc crossing As indicated in Fig 135, the 
animals soon come to ha\c about four-sc\ onths of their blood from the 
breed of their immediate sire, t\\o-sc\cnlhs from the breed of their 
maternal gnndsirc, and ono-scaenUi from the breed of the sire of their 
maternal granddam Such a s\stcm retains hctcrorjgositj in the ani- 
mals and, pro\uUd the animals and brectls “nuk*’ a\cll, desirable results 
m be nntiLipatcd 

In both cnH.sc^os^l^K and tnplccrossmg, dtsirablt boars of the ta%o or 
Hint lireeda must be located and purchu‘'ed 'Ihc miccc'«s of cro^^s- 
bretding for the market (as imlml for am kind of breeding) hinges pn- 
m\nl> on one’s nluhlj to retire pun bred sms cipible of introduting 
into the life stream the desirable himlitura d( t< rminers for aigor, 

* Vinn/-»o^a 1 Xf'l *'fi Hull ^20 



474 BEEIDING iND IMPROVEMENT OF FARM AMVALS 

fertility, rapid groiUli, and good carcass qualities W® ‘“f 
the bottom line of a pedigree as a stream that flows from fema e 
down the generations If this is a pretty good stream to start ivit (g 
female family as determined by -norhs, not faith) and the senes 
continually adds desirable genes, then the family, if sound se ec i 
practiced, can get better as time goes on This is equally true for cr 
breeding or straightbreedmg, be it noted 

There is some tendency to asenbe magic to crossbreeding, bu 
none, nor m inbreeding either All that any system of breeding can 
is to put the genes nor\ present in our livestock into new combina lo ^ 
No sjstem of breeding can make new genes — just new combinations 
old ones There is apparently some advantage in heterozygosity i se , 



31 2o < 
5G 2o ]< 


/A 

1 100% 


Crossbreds ' 
/A 62 5 
Ib 12 5 
\C 25 


/C 

100 % 


I Crossbreds } 

A 25 
B 25 
C 50 


( Crossbreds ) 

A 60 (A 

B 60 \l00% 

Fio 135 — Diacram of tripU crossing 

and the use of crossbreeding in commercial production of 
products 18 steadily increasing The gro\nng realization of the nee 
good purebred sires for use m crossbreeding is both a challenge to 
breeder and an assurance that his creations r\ill be in high deman a 
at good pnees It ■\\an be most unfortunate for all concerned if cross 
breeding comes to be considered a panacea for commercial meat 
duction and the idea adopted that mating anybody's son of some br ^ 
with everybody’s daughter of some other breed, or grades, would a 
gi\c desirable results Actually the value of crossbreeding hes m 
genetic merit of the stocks crossed and whether the genetic comp ^ ^ 
complement each other We will not get any more out of a cross t 
w e put into it, except a httle m the way of interest , ^ 

The quick and ^vidcspread acceptance of artificial breeding , 

cattle should provide the means for steady improvement in this class 
animals Formerlj, we depended on purebred sires to effect 
ment How e\ er, all the sires of a breed w ould probably group themseb 
into a close semblance to a normal distnbution curve if their transmitting 
pow ers could be measured This mc^ns that 5 to 10 per cent of them 
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very poor, 15 to 20 per cent are mediocre, 40 to 60 per cent are average, 
15 to 20 per cent are superior, and 5 to 10 per cent are excellent in trans- 
mission. Under the old scheme oi using purebred sires, so many were 
demanded that some rather poor ones were bound to be used. Artificial 
breeding still depends on purebred sires but makes it much more probable 
that fewer poor ones will be used. 

It is being suggested that commercial dairymen with mixed-grade 
herds use semen from the best bull in the inseminator’s Idt on a given day 
when he has a cow in heat, rather than grading up to a certain breed by 
always using sires of that breed. We see no objection to this in principle. 
It vill give the maximum in hybrid vigor. However, the dairyman will 
have to use some judgment as between sires in such matters as probable 
size of calf, milk 3 dcld, and fat test of cow to be bred, etc. 

Crossbreeding and New Breeds. — Crossbreeding until its attendant 
variation, plus later painstaking selection and inbreeding, has been used 
for the creation of several new breeds. In sheep, the Oxford Down is the 
direct result of crossbreeding, the Cotswold and Hampshire I>own furnish- 
ing the pure breeds for the cross. This crossing, followed by rigid 
selection for specific points and type, has established the Oxford Down 
as a pure breed. The Corriedale, a New Zealand breed of sheep, resulted 
from the use of Leicester and Lincoln rams on Merino ewes, and the 
Columbia breed was created by the specialists of the U.S. Department of 
Agriculture, using the Lincoln and Hambouillct breeds. 

Two things should bo borne in mind so far ns the creation of now breeds 
is concerned. One is the fact that two men might start to cross breeds 
A and B to produce a new breed C. Since none of our breeds is entirely 
homozygous, they would surely start u*ith different genetic materials. 
In addition, chance sampling of the hereditary material plus different 
ideals in each breeder’s mind might result eventually in two .samples of 
a new breed, called C, made up of very dissimilar genes and therefore 
verj' dissimilar in tjTic and productive capacity. If they sold stock to 
other breeders, the two strains might further diverge. Tlic other point 
to be kept in mind in the creating of new breeds is that of the time 
involved. Wiothcr it is to take G generations or 1C or GO before one 
would be ju'^tified in saying that the result of the original crossing and 
later selection now merits being cn11c<l a new purebre<I is also an arbitrary 
matter. Many of tljc soH-alletl new breeds still ^how a great ningo of 
variation after 2.’> or 30 years of careful selecting, atul, as we have just 
slated, even the oldest of oiir pure brce<Is arc still relatively heterozygous. 
To the ICing Bancl» of Kingsville, Tex., g(H*s the honor of having 
crc.ate<l the first American brefnl of cattle, the Santa Gertrudis.* Hslnb- 
* IliiuAn, ()., TliP P.inl.n Gertnelw lln’rtl. Jour. Utrol , Vol. -10, Xo, T*, 10 19. 
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hshed in 1851, the Kng Ranch was stocked originally ^^'lth Texas 
Longhorns” %\hich had en\’ironmental fitness but jnelded a poor ' 

Shorthorns and Hcrefords A\ere used for top-crossing beU^een 
1910 and successfully upgraded the carcass but do^ngradecl emnro 

mental fitness. To restore the latter, recourse was had by Mr. Robert , 

Jr., and Irir. Richard IQeberg to crossing with Brahman bulls, Bos indtcu , 
after an exploratory penod (1910-1918) indicated that the cross a 
promise. Three-quarter to seven-eighths Brahman bulls were secur 
from the Pierce Estate in Texas for mating xrith purebred Shorthorn coa 
herds. Red males and females from this Fi were selected to “J® * 
without inbreeding. One of the F\ bulls (Brahman bull X Sho oro 
to Brahman cow) was named Monkey and became t e re 

^ 



founder of the Santa Gertrudis breed Because of the marked superion y 
of his calves, he was used extensively in breeding for a period of 
10 years, and 150 of his sons and later descendants have been used on 
the first-cross and double-cross cow' herds Planned inbreeding an 
linebreeding to Monkey plus some inbreeding to females has in 30 xcars 
jdelded a new breed Brahman and % Shorthorn) combining ennron- 
mental fitne&s and good carcass quality. 

'Ihe Lasater Ranch of Falfunas, Tex , has developed the Beefmaster 
strain by using Hereford, Shorthorn, and Brahman blood. Tliis 
gram was started m 1908. The Lasaters make no claim to producing 
new breed, their sole aim being to produce as good beef as possible ® 
their conditions, 'fhese cattle are bring tried out in other parts of tb 
United States. 

Turner and Thomas of Welaco, Tex , are developing a new beef br^ 
called the Charhray through crossing the French Charollais breed 
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Brahmans in the proportions of M and These cattle are also being 
tried out in various parts of the United States. 

The Hampraee hog has been developed at the U.S. Range Livestock 
Experiment Station, Miles City, Mont, by the Montana Agricultural 
Experiment Station and the Bureau of Animal Industry, U.S. Depart- 
ment of Agriculture, and is now generally refen-ed to as Montana No. 1. 
Unbelted Hampshires and Danish Landrace provided the original stock. 
These strains were crossed and the breed developed by selection from 
the Fj and backcrosscs to each strain. For the 9-year period 1939-1947 
inclusive, this new breed has averaged lO.G pigs farrowed, 8.1 pigs raised, 



Tio, 137.— The grantlmotlicr of tho Montnna No. 1. Tliis hinck sow Ttns from n sccond- 
Kcneration httcr of the Xnndrnco X Hampshire cross. In S litters she farrowed pips 
iiTid weaned S3 at &0 dnjs of ape. Tliohltersavcropetl 351 lb., or 31 lb per pip. Sehetion 
ha.s larpcly eliminated the depres.sIoii behind tho shoiildera but lias not increased protlut- 
ti%ity. {CouHtay of J. Jl. Qiutenbcrrj/, U.S. Dfparimnil of AaricuUure, Milta City, Mont.) 

t\Uh !vn uvoragG 5G-tlay litter ttciglit of 248,4 lb. Record of performanct* 
tc.sls on an average of CS pigs per year over a 5-ycar period hbowed an 
average daily gain of 1.43 lb. per day rctpiiring 371 lb. of feed per 100 
lb. gain, the latter sbowing a range of from 310 to 44 1 lb. Carca.ss test.s 
on 48 hogs made at 181 days A\hen (he hogs reachetl 221 Ib. hliowed a 
cnrcfUvs length (ailcb bone to rib) of 30.4 in., tito five primal ent.s to 
avemge 47.1 per cent of tlie live ttcight and a haekfat lhickn(“%s of 1 .5 in. 

Tlie Montana Xo. 1 a Milid Mark hog. Tho back is fJIghtly nrchod. Tlie 
pttltw are smooth and nniformly deep. The hnms .are thick and cnrrj* w cll dow n 
to the horkp. Tlie h'p* are incfliuin in length with a neat Jowl. The ears are 
of fine texture, medium in fixe anil varj* fomcwhal in rarri.agp, ranping from 
rliphlly ert'ct to rlightly dr\>o|nng. The distHr^ition is \<*ry quiet and docile. 
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The sows are quiet at farrowing time and suckle well. The breed is a g 
forager. 

The Minnesota No. 1 and No. 2 are also now brccds-the formc^ 
lesulting from crosses of TamwortU and Landraco and the latter 
crosses of Yorkshire and Poland-China. 




L. M. Tl’tnier#, Univer$ity of Minnaota.) 

It should be possible through crossbreeding to establish new 
with any desired combinations of characters, unless, of course, the a 
are antagonistic to each other or certain genes are linked in such a " 
in the germ plasm that segregation is impossible. The drawbac 's 
this procedure are serious ones, however, because of the time and 
involved and the large number of animals that must be produced 
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order to give ample range for selection. After these difficulties have 
been overcome, there would still remain even a greater one, viz., selling 
the new breed to the breeders and growers, a matter which would vary 
among the different classes of livestock. The breeds as they exist today 
seem to fill most of the needs fairly well. Considerable variation still 
exists in all of our breeds, in fact, probably enough so that those in each of 
the classes could for the most part be made uniform in productive 
qualities through suitable matings and selection, although they would 
still differ in external character such as color, presence or absence of 
horns, set of ears, etc. 

This whole matter of the possible creation of superior new breeds in 
any and all classes of livestock is an extremely fascinating one and has 
intriguing possibilities, though it is not a field in which an ordinary 
breeder with limited time, capital, and number of animals can hope to 
achieve success. He lacks the necessary equipment. If exploited at all, 
these fields should generally be left to the state agricultural experiment 
stations or the U.S. Department of Agriculture. 

Uses of Crossbreeding. — Crossbreeding is useful in maldng genetic 
studies of hereditary transmission of characters. It provides the oppor- 
tunity for combining the better genes of two or more breeds and thus 
getting enhanced commercial production. It offers the opportunity for 
the creation of new breeds by suitable crossing and selection followed by 
inbreeding to render the desirable combined genes relatively homozygous. 

The practical breeder is generally not suitably equipped for genetic 
studies or for the formation of new breeds. These functions can best 
bo carried on by experiment stations. He is vitally interested in the 
best methods of commercial production of various livestock products. 
Maintaining two or more separate breeds for commercial crossbreeding is 
not generally feasible, while mating crossed females to a series of good 
purebred sires of one or several breeds is. But there is no magic in cross- 
breeding, and promiscuous, planless crossbreeding is not likely to lead to 
beneficial results. 

finally, we should mention the aesthetic side of the problem. Wc all 
know of the pride that the good purebred breeder takes in his uniform, 
trade-marked flock or herd, sometimes bordering on bia.scd, prejudiced 
partisanship. “Belonging” to a purc-breed a.ssoclation gives many men 
a deep feeling of satisfaction, and they can not onlj' “belong” but also 
bathe in the reflected glory of the breed as a whole. For most men there 
probably is ju.st more fun and satisfaction in working with a uniform 
flock or herd of purchreds than in working with grade.s or scnibs. As 
one farmer put it, “TIic extra five or ten per cent cffictcney of a well- 
planned but heterogeneous group of grade animals is just not HufTlci(‘nt 
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compensation to pay me for nhat I lose m satisfaction by 
cal representatiTcs of a nell defined, homogeneous group of 

Outcrossmg-The systems of breeding previously discussed in tins 
chapter, viz , hjbndization, grading, and crossbreeding 
mating of unrelated animals that do not belong m any one , ' 
other words, they involve the umtmg of very diverse bits o germ P 
Outcrossing, on the other hand, is the mating of animals that are mem 
of the same breed but show no relationship for at least the hrst o 
SIX generations As indicated m the early chapters of this book, it se 
probable that all organisms extant and extinct ^\hlch have ever 
this planet are somewhat related The theory of evolution sugges s 
all living things trace back to a single, or perhaps a few, similar 
Cattle, sheep, and goats belong to the family Bovidae, te, g 

come through variation from the same progenitors In the ear y ® ^ 
of this diversification, the germ plasms were still compatible an 
animals mterfertile Continued variation and selection among t ® 
finally reached the point where the germ plasm of cattle was ^ 

patible with that of sheep, the animals, therefore, being sterile wi © 
other . 

So m the broad view all cattle are related and, of course, still in 
fertile All cattle, in other words, probably have many genes m ^ 

But for practical purposes, an animal that shows no common 


on both sides of its pedigree for four or five generations - 
outcTOSS To put it another way, when wo mate two unrelated 
in the same breed, their offspring is called an outcross The term 
crossing is also used to signify the selection of an unrelated male to us^ 
on a group of inbred females with the inference that the breeder 
subsequently return to his inbreeding It is used, in other words, 
introduce some desirable genes into an inbred stock 

Most of our purebred animals are the result of outcrossing 
mating of unrelated animals sometimes results very favorably, to 
sure, but it is also a fact that most breeders who achieve distinction ^ 
so by (1) secunng desirable animals of certain strains or families m thei^ 
particular breed and (2) intensifying the good charactenstics of thes^ 
animals through close- or hncbreedmg Nevertheless, the ^ 

breeders at times have recourse to outcrossing for its regenerative e e ^ 
or for the purpose of introducing new genes Only when used ^ ^ 
latter ways with a specific aim m view is outcrossing to be commen e 
Crossbreedmg Effects withm a Breed —The good effects of cros. 
breeding are thought to be due not to the fact that breeds are 
but rather to the fact that the genes making one breed good are , 

different from those making another breed good These two “6° ^ 


; called an 
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^\llen brought together often m'ilvc something better than either one 
singly In thinking of crossbreeding, theiefore, we should think of genes 
rather than breeds Since this is so, uc could expect to find evidence of 
heterosis within a breed if selection and inbreeding had separated out 
different complexes of good genes The Oklahoma Experiment Station 
working with the Regional Swino Breeding Laboratory reports such a 
case ^ 

The Oklahoma Station started a project with Duroc Swine m the fall of 1937 
Tlie project has been earned on in cooperation with the Regional Laboratory 
BincG that time Pour inbred Imcs of Durocs were dc\ eloped Line 1 had 
alreadj been inbred in another project and was retained to be used m this project 
It has been nccessarj to discard two lines to date and start two now ones One 
was discarded because of a lack of fertilitj and tlie other one was discarded on 
account of inverted nipples Moderate inbreeding is being used in this project 
Most of the matings are half-brother X haU-sistcr 


lAini 32 — K CoMiAnisox oi IS Linf Cross Lirn-ns with Pure Line Littirs 
raoM Each oi thf Parent Likes, and w itii Crossured Littlrs 



• A lUtfr l« by tuLIni; 4 ifj n^nla(iv» plc« wranln* lln «• 1 j ladnx them In m ■mttll lot 

wMch 1 u ft tr nffrto floor Tl r |>Icb ftn fnl in thl* lot until tl «•> rr»rh 5f2 11 In wriel t. In Mwr 3 
rr««h S'' n Bn 1 tlw fo irth pic h ftnuitlrr it (• rrin< «r<) at tlx* Hmo Utno 


In the f dl of IPH fifteen litters w< rcprodticetl hj crossing lines 1 and 3 be\i n 
hiie-1 wnss who«c mbrcctlitig n^xrtgptl 3n jnr etnt were matetl to hni*-3 boirs 
whose inbrvctlmg fiNtriivCil 2s per rent I ight hm'-3 rows wlioso inbrciKling 
2% iHf n nt wtre in.tt<sl to lino-1 lioirs whoM» inhire^ling n\(nigc<J 
30 iK*r rent While the inhrt'<'<linK within tli< lines h is not progfe*se<l \erj far, 
it WHS cim‘‘ideml worth while to clirek the combining tjuilitics of the lines 
ilK fince f-)ine prtliminan cro^^e^ ha\ t ^how n proniiH' 

*Ollft lirr f.-f-l Ml (’ir in, ^p^l lOM 
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n seemed advsaHe to check the -tae^ross” 
the pure Ime Crossbred pigs cere produced by mating 

rohred Poland China boar from the itouesota E’=P-“^ shown 

comparisons made, '‘line cross,” crossbreds, pure line 1. pme “ ’ jh. 

in Table 32 The Imeeross litters u ere superior in about ea ery ^ 
better one of the parent lines Thete was no difference ■" he econ my o, 

The line^ross pigs gamed faster from cooing ^ ,tters were a 

cere better m this respect than the crossbred pigs The crossbre 
tnae larger at birth and a larger percentage of the pigs were ra.s<d to 180 daj 
age Hybrid rngor seems to be mamtested in the ImMross „d 

The average daily gams made by line cross pigs during the 
cere compared with the gams made by pure-line and ontbred M 
cross pigs gamed a quarter of a pound more per head per day than the outbredp g. 

The Committee on Investigations of the American Society 
Production, with W V Lambert as chairman, submitted *<= 
report in regard to terminology to describe the progeny from v a 
terns of breeding at the 1940 meeting * 

Crossbred The progenj resulting from the mating of different breeds » 
the case of poultry, different breeds or varieties j j i nf mbred 

IncroM The progeny resulting from the crossing of lndl^^dua s 
lines within the same breed, or variety le-l animal* 

Inbred Line The progeny resulting from breeding clo«elj relatea 
To be classed as an inbred strain the individuals should have an 
cient of inbreeding of 37 5% (equivalent to 2 generations of brotne 
matings) from 

Incrossbred The progeny resulting from the crossing of inoivi 
inbred lines of different breeds or varieties . . ^r 

OiUcross A cross of relatively unrelated animals within the same 
variety . jjQttcr 

Toperota The mating of a male of a certain family to females o a 
family of the same breed or variety nbrcd 

Topincroas The progeny resulting from the cross of inbred sires on n 
dams of the same breed, or variety ^th 

Toperossbred The progeny resultmg from the mating of inbred sires 
non inbred dams of different breeds, or vancties .. n 

Jfelerosw (or Ilybnd \ igor) The supenonty over the better paren 
exhibited bj the progenj This applies to the progeny from the 
strains, varieties breeds, or species The committee suggested that > 
mmologj is sufTicienllj inclusive to describe vanous types of crosses 
the u«e of the term hjbnd loa^y 

Iso docLsion could l>e reached on the term ‘ hybrid” m view or the 
tbfferent interpretations of the word ^ 

•See itmer Soe ^Inim Prod Proc.lJMO, p 378, and Jour Amoi Set, I 
Februarj, 1942 
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Summary. — ^This chapter has dealt uith outbiccding systems — all of 
^\hlch im olve the m iting of unrelated animals All animals in truth are 
related, and the teim unrelated ^\as defined and limited to mean no 
common ancestois in the first four to si\ generations of a pedigice The 
■\Mdost outcrossing is the mating of animals in different species — hybrid- 
ization folloued by grading and crossbreeding The narrowest out- 
breeding system is outcrossing — mating of unrelated animals within one 
breed 

Outbreeding helps phenotype and hurts genotype or produces animals 
■which m themselves are highly desirable but -which cannot transmit 
uniformly It keeps the genes heterozygous so that undesirable reces- 
sives cannot show up Selection is not so necessary because there is no 
■way of predicting what crossbred genotype may “nick” best with the 
next purebred sire 

Crossbreeding is a very useful system for the commercial producer — 
the animal multiplier Outbreeding has possibilities for bnnging together 
diverse kinds of germ plasm in the formation of new breeds The form 
of outbreeding most useful foi the constructive purebred breeder is 
outcrossing, and here the purpose is somewhat similar to that just 
mentioned, namely, the introduction of some new and missing genes into 
a purebred herd from another strain m the same pure breed 
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CHAPTER XIX 

SYSTEMS OF BREEDING— RELATED ANIMALS 

The last chapter dealt with the systems of breeding involved in the 
mating of unrelated animals, which were defined as those having no 
common ancestors on both sides of their pedigrees for at least the first 
four to six generations. It would be possible to bring to America 20 sows 
and 3 or 4 boars of some foreign breed and thus establish the new breed in 
America. The animals would become scattered to all parts of the 
cquntry, somewhat different ideals of perfection might be set up in the 
different sections, and after thirty or forty generations there perhaps 
would be several thousands of animals in the breed. Most of the matings 
would then probably be between boars and sows that had no common 
ancestors in. the few generations of their pedigreeSv Such, matings 
would be called “outcrossing" although all the animals in this breed 
would trace back to some of the original 20 sows and 3 or 4 boars and 
would, therefore, be more or less related. Mutations, different selection 
ideals, and the sampling nature of the hereditary process would have 
made some of the sectional strains quite different genetically, although 
all the animals in the breed would probably have many genes in common. 
In fact, all living organisms are related, to some extent, from an evolu- 
tionary standpoint, and it is not inconceivable that all may have some 
genes in common. 

Any two cattle of the present day trace back eventually to the few 
animals that through variation actually gave rise to the class of animals 
we now loiow as cattle. So much mutation, variation, selection, and 
recombination has transpired since that remote time that the fact that 
all cattle arc of the same "blood" means little or nothing so far as their 
present genetic make-up is concerned. 

It would bo very interesting if you and I could throw on a mo^^ng- 
picturo screen a parade of our ancc.stors, generation by generation, 
starting with our two parents, tlicn following with our four grandparents, 
then our eight great-grandparents, etc. Occasionally, if all the facts 
were knoum about these people, M'c might be inclined to bliisli and would 
be reminded of a sajnng attributed to Mark Twain that "man is the 
only animal that blushes or needs to.” If our parade extended back to 
4S5 
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.he t.me of Chnst, there trould probablj be lots 

smco th.s ttould m.ohc -.bout 69 Benerat.ons, gcnen. 

more people m the rrorld rroa than «er before, about 2 
Other ^\ords, that the same individuals occurred man> time 
other generations of our pedigree Your pedigree and m 

probably also show many duplications «,*h oae 

In the sense here used therefore, “related” animals arc 
or more common ancestors within the first four to six ^ jn 

therefore, with probably more than the average number o ^ 
common When two such animals arc mated, we call this in 
Diverse opinions are held regarding the practice of inbreeding 
mg generally, it is in bad repute, because it is believ ed to resu m 
or less degenerate offspnng There can be no doubt, howev , 
many cases of improvement have also resulted from its use 
In the human family inbreeding is generall> frowned upon 
Bcnbed Many instances of both good and bad results from m r ^ 
in our species can be cited In general, however, it is probab y ^ 
thing that we do not allow inbreeding m our owm species for ^ 
that our species is the only one which goes out of its way to save 
genes In spite of all our efforts to root out bad genes in our 
manj still persist and make their presence known following m r 
In addition, wo can dispose of the bad results of mbreeding m 
stock, but not in our owm species So our laws against close m ^ 
in our species are justified, but it is unfortimate that this loe 
generally earned over into our thinking about livestock breeai g 
thus limits the use of inbreeding one of the most valuable too i^ 
hv estock breeder s kit , 

Inbreeding is technically divided into tw o categoncs, inz , closebre 
and bnebreedmg Closebreeding is the mating of a full brother to s 
of sire to his daughter or dam to her son These tjT)es of matin&s 
the greatest concentration of similar “blood,” and this concentr ^ 
appears close up in pedigree In fact, the concentration is 
m the second generation back m all the cases listed as examp 
closebreeding Lmebrecding is the matin fr nf nmmals of vnd^r ^deg^^ 
of relatioirship th an those just stipulated f^r clnsebreedin & 
generally directed tow ard keeping the relationship high to some desi 
ancestor or ancestors In outhne form, this is as follows 
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/Closebrecding' 


Inbreeding' 


lli] 


Linebrcodiiig 


Sire to daughter 
Son to dam 
Full brother and sister 
’Half brother and sister or matings 
of animals more distantly related; 
cousin matings, etc. 


It should perhaps be pointed out that many breeders use the term 
inlreeding to refer to “close” matings and linebrcedtng to refer to -wider 
ones. Nevertheless, two animals which have any close-up (four to six 
generations) ancestors are related, t.c., more related than average animals 
of the breed, and if "we mate such animals txb are practicing some degree 
of inbreeding. In this chapter inbreeding means either close- or line- 
breeding, and “close” and “line” are illustrated he^e^vith schematically. 

It is said that only 21 Browa Swiss bulls and 129 cows w'ere ever 
imported to the United States. All the many thousands of Bro\vn Swiss 
cattle now existing in this country must trace back to these, so that any 
two Bromi Swiss picked at random today quite probably would be found 
to have some common ancestors if their pedigrees were traced back far 
enough. likewise only 6,000 or 7,000 Holsteins were brought to the 
United States, and the millions of Holsteins now trace back to them and 
are, therefore, related. So when we say that outbreeding is the mating 
of unrelated animals and inbreeding the mating of related animals, we are 
using these terms in the special, limited time sense of four to six gener- 
ations back. Since there have been, especially in the formative and 
early stages, particularly favored animals or families in all breeds, it is 
probable that the animals in any breed are inbred to a small extent.^ 


For example, in a study of Holstein-Friesians bom in. 1909 these were found 
to be related to each other about 2.6 per cent relative to the foundation stock of 
about 1883. If a present-day Holstein-Friesian is related 40 percent to another, 
both pedigrees being traced back only to 1909, we are not apt to be seriouslyin 
error if we assume that the relationship found if both were traced back to 1883 
would bo about 41.0 per cent (40 per cent plus 2.6 per cent of the remaining 
60 per cent). In other words, 40 per cent relative to 1909 is about the same as 
41.6 per cent relative to 1883 in this breed. 


Two animals that have any closc-up ancestors in common arc related, 
and if wc mate such animals, we are practicing some degree of inbreeding. 

IVliat inbreeding docs genetically is to sort the original licterozygous 
genes out into homozygous form. If wc started with organisms that 
were Aa Bb and practiced inbreeding, we could by testing and selection 

'Lusn, J.Ia, “Animal Breoding Plans, ” Collegiate Press, Inc. ol Iowa Stale College, 
Ames, Iowa, 1915. 
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sort out strams that uerc AA BB, AAU, aa BB or » “ ^ertte 
outbreeding nor inbreeding m ftem'iclvea 
selection being the only effective_tooUordrangTEeT|L _ 

out ■nt” homorygou sJ^5^andJ_^ 

way increases vanabihtj j we eet AA, 

If we start wuth a population that is all Aa and inbreed > 

2 /la, and aa in the F, As the inbreeding progresses^e proper 
and a genes, w ithout selection, wall remain 50-50 When a lin 
AA X AA or aa X aa, it remains there, barnng mutation " 

Aa, AA X aa, Aa X Aa, and Aa X aa lines shift about P ^ 

get into the pure AA or aa form In a small line with b 
matings about one-fifth of genes which are heterozygous ^ 

zygous in the next generation so that ultimately the popula i 
practically all AA or aa 


i/ Your father A< 

In 


Fio 139 — Schematic pedigrees to show father and son relationship 

Relationships — There are tno ways m which animals maj bo ^ ® 

VIZ , directly and/or collaterally You are directly 
father, for you are his offspnng, and your pedigrees would sho 
duplications, as indicated m Fig 139 , 

Being related to your father means genetically that you and _ 
more genes in common than do unrelated members of Homo s 
This IS because you both have some common close ancestors 
father got certain genes from C and D (Fig 139) You also go ^ 
genes from C and D through your father A One-half of your gene 
identical w ith those your father had, except for a slight discrepan _ 
to the probable inequality m genes betw een the X and the Y chro 
if jou arc a male, and j ou are therefore related to your father b> 
cent Organisms that ha\e common ancestors are related, ^ 
orgamsms probably have more identical genes than nonrelated orga 
of the species, and, if related animals are mated, they nia 3 bo ^ 
duplicate genes to their offspring In other words, inbreeding 
tendenej to make animals more homozygous , ^ur 

Tlie other Ij^pe of relationship is called collateral You an 
cousin arc collateral relatives because you have isomc ancestors m 
mon 'I'his IS illustrated m Fig 1*10 eto 

lou and jour cousin probablj have some identical genes that 
each of jou from jour common grandparents, C and D You go 
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through your father, A, your cousin got his through his father, Z (youi 
father’s brother or your uncle) The common grandfather, C, might 
have had a pair of genes MM and the common grandmother mm Both 
your father and your uncle iioiild then have been Mm tVliether you 
and your cousin both got gene M or both got gene m, or you got M and 
your cousin m or vice versa is a matter of chance With many thousands 
of genes concerned, lion ever, it is very unlikely that you and your 
cousin got different members of each pair of heterozjgous genes, and 
these giandparents probably had many homozygous gene pairs, in which 
cases you and your cousin Here sure to get identical genes Tn other 
Hords, it IS aery likely that you both received some identical genes from 
jour common giandparents 

^ \% 

lour father 

B 

Flo 140 — Schematic pedigrees to show cousm relationship (collateral) 



( ^ 

lYour uncle 


( r 


All cattle probably hate some genes in common, but if ^\e mate 


^ e can have 


Sire X with genes A A hb Co Dd Ee FF 
Dam Y with genes AA Bb cc Dd EE ff 


Kinds of full sisters 1X2X2X3X2X1= 24 

Kinds of paternal half sisters 2X2X3X3X3X2 = 144 

Kinds in the breed 3X3X3X3X3X3 = 729 

for the genes, unless closely linked in the same chromosome, can become 
recombined into all the possible combinations Genetically, tberefote, 
identity of pedigree, except in the case of identical ttvins, means only 
similanty of genes unless the animals liavc become very homozygous 
through inbreeding and selection Most of our animals at present, how- 
ever, arc prob ibly rather hetei ozygous m their genetic make-up , in other 
words, they recened many different genes from each of their parents, a 
few similar ones 

'ihc two folloAnng animals X and Y are full brothers 

Animal X might get gene A or gene a from S, and animal Y might 
get A or o from S Since there is chincc that X will got A and 
cliance that Y will get A, then the chance that both will get A is H 
Ihcy might get 100 per cent the same gene (both A, H chance, both a, 
H chance), Ihcj might get 0 per cent the same gene (one get A and the 
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other a, K chance, or one get a and the other A, K ,, 

fore, on the average, there is a 50 per cent (M) * from 

both get the same gene from S Since the same is tro 6 

the dam D, then X and Y have on the average M X or Xr, ^ 

genes as duplicates from S and M X H, H. of their gones “is duph^^ ^ 

from D, which means that, on the average, 'A of the genes i 

are identical, and thej are, therefore, related bj 50 per cen , ® ^°s 

they hav e 100 per cent the same "blood " X and Y are 

but are only 50 per cent related because of the sampling na 


.(S (Aa) 1 pair of ecncs 




Tia 141 — Schematic pedigreea of two full brothers. 

tancc, the fact that a parent passes along onlj a sample half of its t 
genetic material to any offspnng 

The formula for relationship between X and Y is, therefore, 


= summation of 1 

The fraction stands for the halving or sampling process of 
m each generation, n stands for the number of times this ha ^^n 
sampling has gone on between S and X and n* stands for the num 
times the haUnng process has gone on between S and Y There » 


for S, li = OT or 25% 

and for D, /? = H*** or H* or 25% 

and the summation is /?„ = 50% 



Pio 142 ■ ■ S chematic pedigree of half first cousins 

In a Similar fa.shion it can be sliown that in half brothers or 
of the genes, on the a^eragc, will be identical, and these anima 
therefore related bj 25 per cent Similarlj , half first cousins, as i 
tmted in Fig 142, ^vlll ha^c of their genes identical and wall, 1 1 
fore, be related bj G 25 per cent — 

In all cases of relationship, A\e simply appK the formula /?*» " ^ ^jj 
mation of all lines of mhcntancc reaching the related animals 
the common ancestors that thet Ime Tor the 

rel itionsliip (Hg 139) wewouldhaac/f,«^»J/aiA,r = 4’'” = * jl,‘r 

for Unre is one gencntion lictwccn jou and jour father, or, m ° 
words the genetic matcnal lias been halved onre in getting fro^ ' 
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{ ahcr to you, and there is no generation betw een your father and himself 
Liken ise, in Tig 142 the relationship between A and X is 

Ilo, = = He = () 25% 


The figure 0 25 per cent moans that A and X probably hare Mgi or 0 25 
per cent, mole identical genes than unrelated animals of their species and 
breed 

In the follow ing tn o pedigrees (Fig 143) of double first cousins w e have 
still 100 pel cent the same “blood”, ic, both A and B get all then 



Fio 143 — Schematic pedigree showing 2o per cent relationslup 


“biootl” from M and N, but the sampling piocess has gone through one 
more generation, bo that A and B arc only 25 pei cent related 
Applying the relationship formula to A and B we have 

for M, R - on paternal side + on maternal side = 12 5% 

and for N, /? = on paternal side + on maternal side = 12 6% 

and the summation, 25% 

The tcim ^‘hlood” is being put into quotation marks, because, although 
it IS the usual way the breeder expresses the idci of inheritance, actuallj, 



Fio 1 14 — BimuUsncoiia direct and collnlcrnl relationship 

of course, blood as such does not function in inherit ineo, this mechanism 
being ])ro\idcd in the germ cells with then cliromosomcs and genes 
Bach embrjo protluces its own blood, and (ho onlj wn\ anj ininial lan 
get nn\ blood from anotlier, c\ cn its ow n mother, is hj me ins of n blood 
traiLsfusion Used in this sense, the term **blood^’ means inlientance, or 
chrotnosomts niul genes 

AVe might, of course, liaxc both dmet and coll ileral relationship at 
Uk simo lime, as lUuslratetl m 1 ig HI, m whuh O iml L are relaUd 
both <hn cth and (oil iter illj, for U is in ancestor (sire) of D (dinit), 
and B is an ancestor of I> (through 1 ) and B (ceilluU ml) Uhe duxet 
relationship of 1) ami I is cxpres^eel l»j 

1 j»*o H « ’’,0 % 
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and the collateral relationship by 


l^,+i „ 1^1 = 12 5% 


Summating, no have 

Il^B = 82 5% 

That IS, since E is the sire of D, then D got half of his 
and IS related to E by 60 per eent In addition, D and E ^ 

through B, nhich IS the Eire of E and aUo the matema gr 
IVhat ne are asking is hon many of the genes that E h ^ 

to be found m D, and the ansn er is 02 5 per cent If an anima 

I /Ormsby Sensation. 

\ 274343 

Orrosby Sensation Maple KmS 

45th. 442551 ) p^ntrac HocUter. 

I „,Q-on 

Seolo, 

Nc\TOiont Mutual) 170631 


Nanie.N J E S Mutual 
Onnsby Jewel Alice^ 
No 654594 
Bom Dec 1. 1931 


\ Scotia, 575310 jUa Scotia 
' \ 315248 


Beets, 


Ormsbj Senaatwni 

! % 274343 

Ormsby Sensation Jgv^jy Maple 
45.6,442561 ) Bock..«. 


2195S0 

rorm.by Bansetio" 


( Nenmont Ormsby 3 

I Jewel, 1094461 ICloth.ldeM” 

' I Onnsby Bess 

Fig 145 — Holstein pedigree stiowiog collateral relationship 

common ancestor of tt\o related animals is itself inbred antlj 
more homozygous, a correction for this fact must be made m the or 
for relationship , and likewise, if the animal itself xs more inbred t 
ancestor, a correction must be made These corrections will be m 
after we have discussed the coefficient of mbreedmg , 

Figure 145 shows the pedigree of the Holstein bull N J ° of 
Ormsby Jewel Alice This btiU carries 625 per cent of the “bio .jg 
Ormsby Sensation 45th getting 25 per cent from each of the latter 
appearances in the second generation of the pedigree and 12 5 
from his appearance in the third generation Since the 
Ormsby Sensation 45th "blood” in the bull N J E S Mutual Or 
Jewel Alice is the average of that found m his parents, we cou 
the amount in N J E S Mutual Onnsby Jewel Alice b> 
amounts m Xewmont Alutual Onnsby Lad and Xewmont Ormsby 
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Alice. The former has 50 per cent of Ormshy Sensation 45th “blood” 
and the latter 75 per cent, the average of the total of the two parents 
being 62.5 per cent as noted above. N.J.E.S. Mutual Ormsby Jewel 
Alice is 62.5 per cent; Newmont Mutual Ormsby Lad, 50 per cent; and 
Newmont Ormsby Jewel Alice, 75 per cent related to Ormsby Sensation 
45th. 

. Since the sire and dam of N.J.E.S. Mutual Ormsby Jewel Alice are 
collaterally related, i.e., have one or more common ancestors, this bull 
is inbred. He is likely to have gotten identical genes from Ormsby 
Sensation 45th through three different lines, viz., through his sire, his dam, 
and his maternal granddam. To find the relationship between the sire 
and dam, we must brace all these lines and count the generations involved 
according to our formula 

From sire to Ormsby Sensation 45tli » 1 

From dam to Ormsby Sensation 45th = 1 = 25.0% 

From sire to Ormsby Sensation 46th =» 1 
From dam through maternal grand- 
dnm to Ormsby Sensation 45th *= 2 .*. = 12.5% 

37 . 6 %^ 

That is, Newmont Mutual Ormsby Lad and Newmont Ormsby Jewel 
Alice are 37.5 per cent related (small correction needed for inbreeding 
involved). 

A simpler way of finding this relationship, since these animals are 
collaterally related through only one common ancestor (Ormsby Sen- 
sation 45th), would have been to multiply the 
percentage of Ormsby Sensation 45th “blood” in 
each (50 X 75 = 37.5). This latter method be- 
comes complicated, however, where there is more 
than one common ancestor, especially if these are 
related. 

It may help to simplify matters by writing the 
pedigree of N.J.E.S. Mutual Ormsby Jewel Alice 
in a little different form and using letters of the alphabet instead of the 
actual namcjs. This is done in Fig. 14G. 

llio solid lines from O (Ormsby Somsation 45tli) to B and C indicate 
that both B and C are by D, and tliat somo identical genes may have 
reached A from 1> through thc.se two different paths. Tlio same j)os- 
sibility holds for some other identical genes reaching A from D tlirough 
the paths indicated by the broken lines. 



0 

Tiq. 140. — Simpliflpd 
podigreo of Fig. 145. 


(IriH'k IclU r niRinn Is U'iMi for summation. 
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Direct rcKtioniliip li "liat most britaers refer to 

hhml Ihcj F 1 J iimniiimlt;et«50percent ofits blood ,n-,m 

W per cent from its dam, 2'. per cent from e.eb Rmndparenl, I- ^ 
cent from eleb Rreilt Rr mdpnrent, etc , ns dblslmted m l IR ’ 

^\lth the fiRures of diromo'^omcH l>clow U‘*hir ciillc ^uth GO 

as the e\ implc , . j on ctirnmo- 

Eich parent m rsR 1 17 w shown iw hnamR contnhutcci 30 

Bomas to animal S. 1 he e 30 chromosomi h cre a 
of the GO chromosomes tint c ich of these p ircnts had rhe tipir 
15 of them to Inac come from each ^ramlsirc and pranddam 
may or maj not ln\c been true m an> indi\iduvl ci‘*c "o 

(f.roat prc-it pranebirc 


1 

Sir© \ 


50%{ 


(30) ) 

Animal A 

( 

100% i 

\ 

(00) 

Dam\ 


50 %( 


\ (30) 

Total blood each gener 


ation 

100% 

Total chromosomes each 

generation 

(CO) 


/GfAntlnire { 


•Great pnntl^ 
12 5*^6 
(7 or 8) 


C ' 

(3 or 4) 


50'ot^ '^11 ICtrcat granddam 

2o% 

(15) 

raodssre 

(15) 

Granddam 
25% 

(16) 


100 % 


100 % 

( 00 ) 


100 % 

(GO) 


Tio 147 —Showing most proltaWe d stnbution of blood and cl romosom** *** * 
ped gree 

possible for the 30 chromosomes that the sire passed on to animal 
to have all come from the sire s sire (or from the sire b dam), t 
genetic terms actually terminating one line of the pedigree at that 
It will be noted that there arc 60 chromosomes in each generation o 
pedigree In ammal A they are found in their cntirctj In the 
generation they are disidcd between two indniduals, the sire an 
In the grandparental generation thej are di\ ided among four indivi u f 
etc This illustrates whj it is generally not important to trace or c 
Elder pedigrees for more than three or four generations, and al®o " ^ 

18 unnecessary to pay any particular attention to an outstanding!) S.° 
or poor individual that occurs farther back than the fourth or m 
generation 

As far as direct relationships are concerned, “percentage of bio 
and degree of relationship are seen to be the same thing It is a mis ^ 
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however, to try to use “percentage of common blood,” as a measure of 
relationship between animals related collaterally. Figure 141 showed 
two full brothers X and Y to have 100 per cent the same “blood” and 
to bo related by 50 per cent. Figure 143, on the other hand, showed the 
two double first cousins A and B also to have 100 per cent the same 
“blood” but to be related by only 25 per cent because of the additional 
intervening generation. 

Coefficient of Inbreeding.— As indicated earlier, inbreeding results 
whenever related animals are mated. We have already seen that full 
brotiiers and sisters are related by 50 per cent; f.e., of their genes are 



Tki I IS.— Pjptoria\ petiicroo flliow'iUBroHlixo wzpof nnrrstops in terms ol tlicir contribution 
notoniiiiB to GtiUoii's lat\. 

]>rol)ably dttplicatca from each parent). Xow, if a full brother and 
hister arc mated, ^\o produce a new generation that is once further 
removed from tlic common ancestors. Since each such removal lialvca. 
the genetic material, wc can simply multiply the relationships between 
the full brother and sLstor (oO per cent) and thus arrive at tlic 

cocineient of inbreeding for the new individual. 

In other words, to find the coeHicienl of inbreeding of any animal, we 
can first find tbo cocflicienl of rclalionship bchveen its sire and dam and 
then dinde this amount l>y 2. Figure repre‘>enls such a "mating. 

Anotljer way to do (bis is to count the number of (imc.s the gerjelle 
material has hwa halvetl iu getting to the parents of the inbnsl animal 
fmm the common uneestor (or ancestors) nrnl tlien adding 1 to the 
evponent of to take care of the halving in getting from the sire and dam 
t<i the inlirofl animal in (luestion. lliis gives us iljc formula for inhrts'd- 
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mg buj,scstc<l by "Wnblit* ^ 

/,= 

Tins formula meastirts the rcduttion of liptcrozjBosit> m relation t 
tilt foundation stock m the most remote generation of the pedigree being 
considered ligurc 150 shows a half brother sister mating 
being 2"> per tent related because there ih one generation from ^ 
to the common ancestor D and also one generation from C bac o 



1 10 lie — Full brotl oMistcr mat njj 

The only common ancestor here is D From the sire back to th^ 
common ancestor is I (n m formula), from the dam back to the com 
ancestor is I (n* m formula), and the 1 that must bo added to take ca 
of the halving in getting from B and C to \ gi% cs us n total of 3 as 
exponent of and 14 * — M or 12 5 per cent as tlic inbreeding coc 
cient of X This figure 12 5 per cent simpl> means that tins v 

mating has reduced the hctcrozygobit> (or incroa«cd the homozj^^' 
by that amount o\er what it was in the generation containing p 

r If the animals D, D, and r were 50 per cent homozjgous and 5 P 



Fia 150— ScbcmaUc half brot! cr s stcr matins 

cent heterozygous then animal X is 12 5 per cent less heterozygous or 
50% X 12 5 = 6 25% less heterozygous than they were or only 
per cent heterozygous Looked at the other way , X is now 56 2 j P 
cent homozygous 

If a common ancestor is himself or herself inbred this will of 
make a difference m the likelihood of its inbred descendant getti » 
identical genes from each of ite parents Being mbred means that 
common ancestor ( is homoz^ous for more pairs of genes than JS 
outbred one In other words two offspring of such an inbred am 
have less chance of receiving different genes from this ancestor a 


>^Whioht S Coefficients of Inbreeding Amer Nat C6 330-338 1922 
t^omplete formula will be found below 
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likewise more chance of receiving identical genes. This fact is provided 
for by changing the formula for inbreeding from 

F. = S[(34)"+"+i] to F. = (1 + Fj)] 

In other words, if was found in a given case to be 25 

per cent, but the common ancestor was himself or herself inbred by 12.5 
per cent, then we would have to multiply 25 per cent by 1.125 per cent, 
making the final inbreeding 28.125 per cent. 

A case of this sort is shown in Fig. 151. ^ • 

It is obvious in Fig. 151 that X is an inbred animal, for it residted from 
the mating of full brother and sister B and C. In other words, X is 
more homozygous because, it received some identical genes from D 
througli its sire and dam and also some from E through its sire and dam. 
But D, one of the common ancestors, is also seen to have been an inbred 



Fio. 151.— Icbreedmg invoMog an inbred common ancestor. 


animal; in other words, D had more homozygous sets of genes than an 
outbred animal because he received some identical genes from H through 
both his sire and his dam. This being the case, D would be e.xpected 
to have fewer sets of heterozygous genes, one member of wliich would be 
passed to X through its sire B and the other member of which "would be 
passed to X through its dam C. If D were not inbred, he might be 
homozygous for certain genes, but, if he is inbred, he is undoubtedly 
homozygous for more sets of genes. Since the coefficient of inbreeding 
measures directly the probable increase in homozygosity, the inbreeding 
of any animal must be multiplied by 1 plus the percentage inbreeding of 
any common ancestors that arc themselves inbred, in other words, must 
be increased by the added amount of homozygosity due to the increased 
homozygosity of its inbred common ancestors. We cannot, of course, 
know the actual amount of homo- orhetcrozygositj* for any animal. The 
coefficient of inbreeding .simply accounts for the added homozygosity 
due to the opportunity an animal has of getting identical genes from any 
ancestors that arc common to Us sire and dam. 

Figure 152 shows the pedigree of an animal that has some repeats in 
Us pedigree but is not an inbred animal because it has no common 
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ancestor on both sides of its pedigree, in other ^\ords, its sire and dam are 
not related , 

It IS true that animal B is inbred, since it resulted from a full ro 
sister mating Animal B is 25 per cent inbred, 25 per cent more homoz} 
gous than its immediate ancestors ncre, but B transmits to A on y one- 
half of its genetic matcnal, one member of each pair of genes ^ ^ 
has and there is nothing in the pedigree of A to lead us to suspect ^ ^ 
and C Mill pass identical genes to A Animal A, therefore, is not m re 
Bj the same token, ivc might mate a highly inbred Holstein bu o 
highly inbred Guernsey cow The resulting offspnng would, ° ^ 
not be inbred although both of its parents were, but crossbred ^ 
inbred Holstein and Guernsey would not be likely to pass identical gene 
to their offspnng, although since they both belong to the species ca 



they probably do have some genes in common and might, therefore 
pass some identical genes to their offspnng ^ 

A decline on heterozygosity should result automatically under continued se 
fertilization or closebreeding Thus an individual heterozygous for ® ^ 

factor pair Aa will produce, if selfed, offspnng of which one fourth are A 
half Aa, and one-fourth aa Under continued selfing the homozygoas 
breed true and are progressivdy augmented by segregates from the dwin ^ 
group of heterozygotes The proportions of the three groups naay be determia 
by any generation by the formula developed by Mendel 

2’* — 1 AA 2 Aa 2'* — 1 oo 


where n is the number of generations of self fertilization . 

birmlar formulas have been developed by which it is possible to 
r«u ta of other systems of mating Thus in brother sister mating the prop®^ . 
of homozygosity progressively increases but at a slower rate 6 generations 


From East E M and Jones D F , ‘ Inbreeding and Outbreeding J 
cott Company Philadelphia 1919 
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self feitilization being approximately as effective as 17 generations of brother- 
sister mating 

This reduction m heterozygosity^ takes place automatically in all other factor 
pairs regardless of the number of pairs involved (Fig 153) Thus continued 
self fertilization leads to a decline in heterozygosity for about seven generations, 
about 99 per cent of homozygosity being attained in the seventh generation 
This resembles the actual results of inbreeding, for here there is a declme in size 
and vanability for about sei,en or eight generations, after which a Ime becomes 
essentially stable 



l^a 163 — Graph showing the reduction in tho proportion of heterozygous individuals and 
of heterozygous factor pairs iii successive generations of self fertilization {After East and 
Jones ) 

All the c\’idence can best to mterpreted, therefore, as indicating that tho 
reduction m size and vigor is related m some way to the attainment of homozygo 
8ity and that the mere process of inbreeding, of itself, does not produce this 
result The automatic reduction of hctcrozj^osity will occur, of course, only 
if new mutations m inbred Imca arc very rare If tho mutation rate is high, this 
may defer or prc\ ent the attainment of homozygositj 

Coefficient of Relationship — ^Because of the fact that inbreeding 
makes an animal more homozjgous, and, therefore, if said animal is a 
common ancestor of t^\o related animals makes il more likclj that he 

‘SrvsoTT, T , and Duvs L C , ‘ Principles of Genetics,’ 3<1 cd , McGrnu HiH 
Book Coniinnj, Iiic Isow "^ork, 1939 
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will pass identical genes to both descendants, and also because inbreeding 
makes a population more aanablc by producing separate inbred strains, 
two corrections are needed in the formula for relationship to make i 
scientifically correct To take care of the fact that an inbred common 
ancestor is more likely to pass identical genes to tw o descendants, because 
his inbreeding has made him more homozygous, the numerator of t e 
relationship coefficient must have added to it (1 + Fa) as a multiplier, 
as we have just seen, and to take care of the fact that inbreeding tends to 
create separate families, a denominator must be supplied m the form o 
1 -4* F,, 1 + Fv making the complete formula for relationship between 
animals X and Y 

R (1 + FQ ] 

” vTTi'. • Vl + l\ 


In the mating for instance, of a son to his own dam, the relationship 

. , 75% In 

between ms offspring and his nonmbred dam becomes 


this case the most probable situation is that m half the pairs of genes m 0 
offspring both members will have come from the common ancestor Bu 
m half those cases the two genes will be duplicates of only one gene t a 
the common ancestor had, so that m onc-quarter of the pairs of gen®® 
the offspring will be homozygous, whereas the common ancestor "a® 
heterozygous, although both of the offspnngs' genes came from the 
mon ancestor This is illustrated in Fig 154 



75 _ 7 ± 

' Vl + 0 25 '“11' 


Tio 154 Parent oRspring mating witU relationship computed 


The real function of these corrections is to reveal the actual degree m 
which the genotype of related animals are similar, rather than leave it 
terms of the percentage of genes from a common source In the abo\f 
parent offspnng mating, it is most likely that 75 per cent of the genes oi 
t e offspring 0 came from its dam and paternal granddam Tf, but since 
the offspnng is inbred, whereas the parent D was not, then 0 will ha^e ^ 
certain number of homozygous gene pairs that existed as heterozjgo^- 
pairs m the parent D 

Bccaiiao there has been so little inbreeding practiood in our fa™ 
stock, the denominator of the eomplete relationship coefficient scldoo 
becomes very much larger than 1 0 and can, therefore, be dispensed nd" 
m general practice 
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The final form of the formula for direct or ancestor-descendant relation- 
ship becomes 

The term under the square-root sign in this formula is necessary 
owing to the fact that, if the anc^estor is more highly inbred (more 
homozygoiis) than the descendant, the coefficient of relationship uill be 
larger than the “percentage of blood/’ and vice versa. In most pedi- 
grees of our farm animals, however, there is not likely to be enough 
difference in the amount of inbreeding of ancestor and descendant but 
that the portion of the complete formula under the radical can he dis- 
pensed with. , 

The following table will be found convenient in worldng out inbreeding 
coefficients. 

Table 33.— ExpoNr^NTiAL Values or H 
>^1=14 •*25.0% 

- >1 .* 12.5% 

^4 - Ho .* 6.25% 

- H 2 - 3.125% 

^ 1.6625% 

- H28 - 0.78125% 

“ Hsc 0.390625% 

H’ « kl2 0.1953125% 

In the mating of full brother and f4istcr \\c have seen that the coefficient 
of inbreeding is 2o per cent. 


A 


In Die case of continued full brothcr-sistor matings for two genemtions 
the inhrcc<ling cooflicicnt would l)c 37.5 per cent. 

It should Ihj ob'^en.’od that wc trace buck from B, the sire, (o D, a 
common ancestor, then dowi» to D nn the dam’s side of the pedigree, and 
tlien forwanl to the <lam. IVc do this also for K, another common ances- 
tor in the second gcnenition, and ibis completes all the ancestors in tliis 
genenition. Now uc move to the third generation where xvc find llie 
Mime two animals Kami G in each line of the ixMligrce. When we tnicetl 
the paths through D a moment ago, "<* al“o took cure of tlie Th and Gh 
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m these lines, since the Iikehliood of animal A getting identical genes 
from D IS taken care of in its entirety -when v>o trace the D paths and is 
not increased because of the F’s and G’s behind D The same t mg 
applies to the E’s in the second generation IIoi\ c\ or, since the 
of F and G behind D on the top side of the pedigree and behind E on the 
bottom Bide (and E on the top side and D on the bottom side) does 
additional opportunities for A to get identical genes through these pa s, 
these opportunities must be evaluated 



Fio 155 *— Brother-sislcr matings for two generations. 


We have, therefore, m this two generation full brother-sister 
four common ancestors, D, E, F, and G, and they have the follot 
\ alues 

D = = H’ - 12 5% 

E « *= 12 5% 

r - X 2 = X 2 = G 25% 

G « X 2 = X 2 = C 25% 

Total 37 6% 

With three generations of full brother-sister matings, Tve would 



Flo 150 Brother-Mster matings for three generations 


Here we meet the fact that some of the common ancestors (D 
are themsches inbred, so that our summation of all the different pat ' 
bj means of which A might get identical genes from its common ancesto 



SYSTEMS OF BREEDING— RELATED ANIMALS 


503 


D = X 1 25 = 15 625% 

E = X 1.25 = 15 625% 

F = X 2 = 6 260% 

G = X2 = 0.250% 

H = X 4 =3 125% 

I = X 4 = 3 125% 

Total 50.000% 


In Fig. 156 it is evident that the sire B and dam C are connected 
through tvo lines involving two generations, through four lines involving 
four generations, and through eight lines involving six generations. In 



1 la 167. Comet (156) Tlio first bull ever sold for 65,000 He nos very strongly inbred 
{From Sandera, Shorthorn Cattle, The Breedera Gaaetle ) 

addition, the parents of the sire and dam have one generation of inbreed- 
ing behind them, or 25 per cent. Our formula becomes, therefore, 

F. = X 1.25] + d[(H)‘] -1- 8[(J.^)7] = 50% 

Tills shows that, assuming a 50 per cent heterozygous condition to 
start with, an individual which is the result of three generations of full 
lirother-sistcr matings is now 7.5 per cent homozygous. 

In full brother-sister matings one generation gives an inbreeding 
coenieicnt of 25 per cent ; tw o generations, 37.5 per cent ; three generations, 
,50 per cent; ten generations, 8S 0 per cent. In parent-offspring matings, 
one generation gives an inlirecding eoi-nieient of 25 per rent; two gener- 
ations, 37 5 per cent; three generations, 13 8 per rent, npproacliing .50 per 
cenl^ns a limit. 
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15S —Pedigree of Shuctliorn hull. Comet 
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Fiom a practical standpoint, the obvious use of relationship is to 
assess the probable merit of an untested animal by its relationsliip to 
tested ones. If a cow produced 50 lb. of butterfat above the breed 
average, her daughter 50 per cent related could be expected to produce 
25 lb. above breed average. Other more distant relatives could be 
assessed on their degree of relationship. This is practical within limits 
but leaves out of account the sire involved and various effects of environ- 
ment, dominance, and epistasis. AVe cannot know the complete genotype 
of any animal and must of necessity consider the phenotype to be a more 
or less accurate indication of genotype, which it may or may not be. 

As will be pointed out later, we are in great need of broadening our 
basis of selection by considering family as well as individuality. In 
this, in- or linebreeding to set off separate strains or families and relation- 
ship to help measure probable genetic merit should find an ever-increasing 
usefulness. 

Examples of Inbreeding. — ^Figure 158 gives the pedigree of the famous 
Shorthorn bull Comet, the first bull ever sold for as much as $5,000. 

As will bo noted, the bull Favorite was bred back to his own dam 
Phoenix and their offspring Young Phoenix bred to her sire Favorite. 
Since Favorite is himself inbred, we shall first compute his coefficient of 
inbreeding. His sire and dam arc related tlirough the bull Foljambc and 
the cow Favorite, our formula being 

Fx - 2[(^)=] + my] = 18.75% 

As shown in the pedigree, Comet has four common ancestors, rir., 
Favorite (bull), Phoenix, Foljambc, and Favorite (cow), and our formula 
becomes 


T'* “ myzY X 1.18751 -h my] + m^)] + loyy)] 

= 0.2909 -f 0.1250 + 0.0312 -f 0.0150 

40.87% coefficient of inbreeding for Comet 

AVc can perhaps sec this more clearly if we skclctoixizc the pedigree of 
Comet and u‘?e letters instead of names as in Fig. 159. 

It is evident from Fig. 159 that one of the common ancestors, B, is 
him'iclf inhnxl and tliat F, F, and II arc also common ancestors. 

Ftpiro ICO give.*? the pedigree of the Jersey btill Sybil’.s Gaml)ogc. The 
sire and dam of this bull an* more than half bixjtlier and sister, the sire is 
the result of mating a Ihrw^-^pmrtcr brother and ^ister, and the dam of 
Sybil’s Gamboge traces in all Unit lines to tijo bull Clinmpion Flying Fox, 
for be is tbc mre of both Gcdncy Farm Oxfonl fxid and of Agathn’s 
n>*ing Fox. 
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^\e notice that there are ri\c ancestors m his pedigree (I ig 
arc common to both sire and dam, ttz , Oxford Majestj, Rojal J fljes 
Gednej larm Oxford Lad, ronlmnc's Oxford Pnde, and Champion 
ri>ing Tox, and no also notice that Oxford Majestj, one of the common 
ancestors, IS himMilf inbred ^Vc haxc, therefore, 

Oxford Majcbtj One chain of two generations, together in JS 
o^%n inbreeding coefficient of 12 *» per cent Contribution (^)* X 
Roj al Majestj One chain of four generations (the other chain haxan 
been accounted for in x\orkmg with Oxford Majestj) Contnbution 

{.HY 



Fla 150 — Skcletonited p«<l)srM* of Comet 


Gedney Farm Oxford Lad Seven remaining cliains of six generation- 
Contnbution 7 X (>^)^ 

Fontaine s Oxford Pnde One chain of six generations Contnbutio 

Champion Flying Fox Four remaining chains of eight generations 
Contnbution 4 X (H)* 

Total F, for Sybil s Gamboge = 24 22% 

Role of Inbreedmg — Now that we understand the basic ^ 

underlying inbreeding, it mil no longer surpnse us that both good a® 
harmful results anse from its use Inbreeding m itself does not crea 
any new genes, nor for that matter does any system of breeding ^ 

any system can do is to recombme the genes already present into ne 
combinations With outbreeding we tend to keep our lix estock 
zygous With inbreeding we make them more homozjgous i 

ave a preponderance of good genes and gene combinations in our 
to start With, inbreeding plus selection will increase the good quab ‘ 
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v> e already have. If e have a preponderance of poor genes and gene 
combinations to start >\ith, inbreeding will increase the poor qualities 
\\c aheady have. 

Wliat inbreeding act\ially docs is to fix characters. These characters 
may be cither good, bad, or indifferent, and ^\hatcvcr they arc, inbreeding 
^\ill not change them in the least. .Inbreeding is no more potent than any 
other system in creating new characters of any sort; in fact, it is less so, 
for variation is reduced. All that inbreeding docs is to take the genes 
that are present and sort them out into homozygous forms. For instance, 
if an animal was carrying several genes, or determiners, for character 
in the heterozygous form, t c., one parent after reduction had put in AoL 
and the other one aBc, the hybrid would carry Aa Bb Cc. If such an 



Fio 161 Sybil’s Oambogc, a strongly inbred Jersey bull 


animal nere bred to another animal of similar genetic constitution, the 
genes would tend to combine in all possible combinations from AA SB 
to aabbcc. Then if sufficient numbers were available so that ngi“ 
selection could be practiced, the AA BB CC type could be selected out 
Supposing that in the foregoing, the capital letters stood for desirable 
characteristics and the small letters for undesirable ones, one can see nhy 
inbreeding may give either good or had results, because AA BBCO 
animals with no recessive, undesirable factors would be a decided impro' e- 
ment over either parent, whereas aahi.ee animals would be just th® 
reverse It will bear repeating that inbreedihg is powerless to create 
eitlier good or bad It is, however, the very best method of finding out 
vhat IS present in a strain, for inbreeding will sort out the vanous gen® 
m o a omozygous condition The desirable animals may then ’ 
retained and the undesirable ones discarded. 
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Animals might be carrying recessive genes for lethal factors, for lack 
of fertility, for weak constitution, for inefficient production, etc. If wc 
outbreed such animals to good sires, these undesirable recessives are 
likely to remain hidden and unsuspected by being covered up by dom- 
inant genes from the other parent. If we inbreed, however, wo provide 
the opportunity for these recessives to combine in the homozygous state 
genetically and to emerge as phcnot 3 rpcs. The desirable animals may 
then be retained and the undesirable ones discarded. If a breeder has 
an average or below-avorage lierd, their inbreeding will probably result 
in intensifying poor traits faster than good ones wth inevitable deterio- 
ration of his stock. The question is sometimes asked as to what degree 
of inbreeding is permissible. There is, of course, no correct answer to 
such a question. All one can say is that 25 per cent of inbreeding in 
herd A might be beneficial while 5 per cent in herd B might be harmful, 
depending entirely on the genetic complex of the two herds. 

If a breeder thinks that he has a particularly good sire and really 
wants to learn the truth, he can do so by mating this sire to 20 of his own 
daughters, as suggested by Wriedt. Comparisons between the imme- 
diate daughters of this sire and the offspring resulting from breeding this 
sire to his own daugliters will provide the answer to the sire’s real worth 
as a breeding male, for it will reveal his genetic make-up by allowing 
both his dominant and recessive genes to appear in homozygous form. 

Bakewell’s Work, — Robert Bakcwell, an Englishman, born in 1725, 
was the first man as far as is known who dared to use inbreeding in a 
constnictive way. He worked with Longhorn cattle, Leicester sheep, and 
Shire horses. It is said that-he secured two heifers and a hull after a 
great search for just what he wanted, and that liis entire herd of cattle 
wa."? developed from these without any outside blood. His success as a 
brbeder was noteworthy, and is today well known. Cullcy, writing in 
1794, said: 

TJic great obstacle to tlic improvement of domestic nniinah seems to have 
arisen from a common and prevailing idea amongst breeders that no bull should 
bo tjswl in the siune stock more than three years, and no tup more than tno; 
bec.au'ic (say they) if used longer, the breed will bo too nciir akin, and liable to 
disonlers; some have imbibed the prejudiee so far as to think it irreligious, atul if 
they were by chance in pos.'^^ion of the best Ijcost on the i«Ian<l would by no 
means put a male and fcm.alc together that ha<l tlie same sire, or w'cro out of tlm 
Kime dam. Mr. nnkcwcll has not had a rro'.s for upward of 20 years, his best 
slock has l>oon hre4l by the nejirest afiinities, yet they have not dcorenHerl In 
neither are they less luanly, or more liable to disorder, but, on the contmiy, 
kept in a progressive state of improvement. 
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Since Bak^clla time, his cximplc hns been emulated bj roan} 
breeders Breeds arc best kno^^'n bj means of mdi\ iduals and fami les, 
and most of the latter ha\ c ansen as the result of intensifying the charac- 
tenstics of certain individuals through inbreeding 

Good Results from Inbreeding — In practically any breed of hvestoc 
it la possible to find animals that have resulted from rather inten^n® 
inbreeding As an example, Fig ICO shows the pedigree of Sy i s 
Gamboge, a famous Jersey bull .. 

It will be agreed that this is a rather closely inbred bull ^ 

IS a double grandson of Imported Oxford Majesty , a triple great-gran son 
of Royal hlajesty, and a septuple great-great-grandson of Gcdney 
Oxford Lad, as well as a triple great-great-grandson of Oxford Kia i 
a double great-great-grandson of Lucy 12th, and a double great-grea 
grandson of Tontame s Oxford Pnde Royal Majesty founded t c 
Majesty family of Jerseys, which contains many notable show 
and producers “Get” of Sybil s Gamboge w on 14 nbbons at the 19 
National Dairy Show, including one junior champion, three firsts tore 
seconds, two thirds, two fourths, two fifths, and one sixth, as well as 
second and fourth m the get of sire 
Sybil 8 Gamboge has 88 Registry of Ment daughters whose record^^ 
a mature basis average 12,234 lb of milk testing 5 12 per cent T e 
best record to bo found among these daughters is one of 19,239 Ih o 
milk and 933 lb of fat made by Sybil s Miss May as a junior six yc®^ 
old cow Sybil s Gamboge also has 21 proved sons 

The late N H Gentry a successful breeder of Berkshire swine 
quoted by Mumford as having said 

If it ig true that inbreeding intensifies weakness of constitution lack of 
or too great fineness of bone as we all believe is it not as reasonable and as ccr 
that you can intensify strength of constitution heavy bones or vigor if 
these traits well developed m the blood of the animals you are inbreeding ^ 
think I have continued to improve my herd bemg now able to produce a large 
percentage of really superior ammals than at any time m the past 

Tho foregoing examples illustrate the fact that not only dunng tt® 
foundation period of the breeds was mbreedmg a potent factor o 
improvement but that it still retains its potency .j. 

Harm from Inbreedmg — In exactly similar manner, one might unea 
opinions and examples, both in the past and in the present, that worn 
indicate that inbreeding is an extremely dangerous practice and t ^ 
anyone usmg it is liable to encounter serious difficulties This will no 
be done however, for there are many references m the literature of ani 
mal husbandry as to the harmful results from the practice of inbreeding 
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. Experimental Data. — Much experimental work has been done "with a 
\dew to illuminating the problem of inbreeding. Castle says' in regard 
to some inbreeding experiments with Drosophila". 

;My pupils and I bred brother and aster for fifty-nine generations in succession 
\rithout obtaining a diminution in cither the vigor or the fecimdity of the race, 
v’hich could with certainty be attributed to that cause. A slight diminution was 
observed in some cases, but this was wholly obviated when parents were chosen 
from the more vigorous broods in each generation. Nevertheless, the crossing 
of two inbred strains of Drosophila, both of which were doing well under inbreed- 
ing, produced offspring superior in productiveness to either inbred strain. Even 
in this case, therefore, though inbreeding is tolerated, crossbreeding has 
advantages. 

Bos and 'Weismann inbred rats for about 30 generations and secured a 
diminution in both fertility and vigor. King also inbred rats for 25 
generations and, according to Hays,* found that: 

Inbred males In seventh to fifteenth generations were 18 per cent heavier than 
check males not inbred. Inbred females were about 3.7 per cent heavier than 
controls at one year old. The variability in both weight at maturity of the 
fifteenth generation of inbred males and females was about 40 per cent less than 
among the control animals. liing (1918) also studied the effect of inbreeding on 
fertility, the lime of puberty, and the longevity of albino rats inbred by brother 
and sister mating for twenty-five generations. The average size of litter of all 
inbred matings was 7.5 rats; and the average litter size for controls 0.7 rats. 
Inbred rats seemed to reach sexual maturity and to brood slightly earlier than 
slock females not inbred. . . . The number of Bicrilc animals is not given, but ' 
Iving states that inbreeding did not decrease the productiveness of the animals. 
Inbred ruts lived longer than control animals not inbred. The value of selection 
in inbreeding animals is concisely illustrated in this painstaking and thorough 
study of the question of inbreeding. 

Reporting on his extensive invc-stigations, Wright says:* 

There lias been an average decline in vigor in all clmractcrLstics during the 
course of 13 years of inbreeding of guinea pigs, brother witli sister. The decline 
is most nuarked in the frequency and sire of litter, in which it Is so great tliat it 
would have to be accounted for even though the decline in other respects was 
assunuHl to Ik* due wholly to a deterioration in the environmcnlal conditions. 
Ihe decUno is greater in tlic gains after birth than in the birth weight, and greater 
is the i>crcentage rabed of the young bora alive Hum in the i>crccntagc bora alive. 

' Caktu:, W. K., “Genetics and Eugenics,” p. 221, Ilarvanl University Pre-w, 
Cnmhriilc**, Mar-'., 1010. 

* lUrs, r. IhljrwKling Animat*. />#/. Unic, ,tyr. F.zp. Hut. 12.3, p, 1.^, lOlO. 

* \\ RKJHT, K., TIj** l.UrTtK «if InbrTKKling ami Crt»!Mbrectling on Guint*n I’ijr*, VJ^. 

.tr. Bui. 1090, l'>22, pji. 31-32. 
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The abilitj to raise larger litters has fallen off much more than obilitj to rai'c 
small litters 

A companson of the inbred guinea pigs ^ith a control stock, raised un er 
identical conditions >vitliout inbreeding, and derived m the mam from the same 
Imebred stock as the inbred families, indicates that the Inbreds have sufferc a 
genetic decline m vigor in all characteristics The decline in fertility is agam 
showTi to be marked Expenmcnlal inoculation iMth tuberculosis has shown 
that the inbreds were inferior, on the average, to the controls in disease resistance 
A study of sex ratio yields results m marked contrast to those obtained in connec 
tion with the other characters There are no significant fluctuations from jear 
to year, no contrast between inbrcds and controls, and no indications of change 
due to inbreeding 

In addition to the points brought out in this bulletin, which indicates 
decline during inbreeding extensive experiments have been made m ^hic 
different inbred families have been crossed together These are describe m 
another paper {US Dept A^r Bui 1121) in which it is shown that crossbred 
guinea pigs bom of unrelated inbred parents are distinctly superior to t 
inbred relatives m nearly all elements of vigor A slightly larger pcrcentag^ 
bom ahvo, in small litters at least, and a distinctlj larger percentage of those bom 
alive are raised The young are slightly heavier at birth m a given size of h 6^ 
and gam much more between birth and weaning They mature earlier, 
larger litters and produce them more regularly than mbreds Of the young wnica 
they produce, a much larger percentage are bom alive, especially in Urge litter*, 
and even more of these are raised than in the first generation Their yom 
show a further mcrease in birth weight and in later gains » 

It IS believed that the results point the way to an important application o 
inbreeding m the improvement of livestock Nearly all of the characteristics 
dealt with here, like most of those of economic importance with livestock, are o 
a kmd which is determmed only to a slight extent by heredity m the 
About 70 per cent of the individual vanation in resistance to tuberculosis ao 
over 90 per cent of that m the rate of gam and size of litter are detenmned ^ 

external conditions Progress by ordinary selection of mdmduals would thus 

very slow or ml A single unfortunate selection of a sire, good as an lodivid^f ’ 
but inferior m heredity, is likely at any time to undo all past progress 0” t 
other hand, by starting a large number of mbred Imes, important 
differences in the«« respects are brought clearly to light and fixed 
among these lines ought to give a full recovery of whatever vigor has been lost oy 
inbreeding, and particular crosses may safely be expected to show a combmat^ 
ot d^ired characters dLctmctly aapenor to the ongmal stock Thus a 
stock can be developed nh.ch can be mamtained at a higher lea cl than the ongi® 
stock a level which could not have been njached by selection alone TuftM 
improvement is to be sought m a repetition of the process— the isolation of w 
bred strains from the improved crossbred stock, followed ultimately by cn>“ " 
se ec ion o t e best crosses for the foundation of the new stock , , 

mrwf improvement has not been unknown m the past In 
most cf the reco^^nuei breeds of livestock were developed, more or less uncon 
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sciously, in this 'way Close inbreeding was practiced by the pioneer breeders— 
Bakewell, the Collmgs, Bates, Cruickshank, Hewer, etc The relatively few 
promising families and the successful nicks between them were the foundation 
stock of the breeds Further development may be expected by the intelligent 
application of the same prmciples * 

Combmmg the results described m this and in Bui 1121 there seems no escape 
from the conclusion that a loss of vigor, especially m fertility, took place as a more 
or less direct consequence of close inbreeding The question avhether tins is an 
inevitable result of inbreedmg or merely a likely one, as veil as other phases of 
the subject, will be discussed after the presentation of further data “ 

Hughes^ has recently reported the results of an interesting inbreeding 
experiment with Berkshire swine The pedigree of a litter born m 1931 
IS showTi in Fig 162 

It is evident from the pedigree that full brother-sister matings were 
made for four generations, t c , there are only two amraals m each of 
these four generations Enhancer’s Leader 2d and Enhancer’s Leader 
Bello 2d wore b> the same sire, Enhancer, and out of half sisters by tho 
same sire There is enough additional inbreeding further back in the 
pedigree to give these pigs a total inbreeding coefficient (Wright) of 74 
per cent 

Hughes gi\es the following summary of the results thus far achic\ed 

1 The a\crftgo number of pigs farrowed m the inbred litters, has been greater 
(9 78 pigs per liter) than the a\ crage for the Berkshire herd (8 14 pigs per Utter for 
tho j cars 1919-1920) 

2 There has been a slight but gradual decrease in the number of pjgs farrow ed 
m the inbred litters since 1923 TJic last litters, howc\cr, were the first litters of 
the sows in question which tended to lie smaller 

3 The tjpes of tlic pigs in all the inhrcil litters has been similar 

4 There has been no noticeable color change or structural abnormalities m any 
of tho inbred piga 

6 Tho re'jults obtainwl thus far seem to agree in part with tho«c of Miss King 
(no notice ibic lo'^s in size or a jgor) and m p irt w itli the results of otlicr workers 
(there has l)cen a slight decrease in size of the inbred litters) 
fi The standard de\iation from the mean of the inbred Utters is 25G with a 
probable error of ±0 288 The standard dciaation from the mean of all Berk- 
shire litters from IDIO to 1020 mchion c is 5 3 1 with a probable error of ±0 302 

Woodward ind Gnats (1033) inbrtd grade Guem-^px and gndo 
llolsUm cittlc — females mated back to tlu ir own sin for 'JiKetssiK 
gincmtions tic In the Gupmso>H the birth wtightt, declmod, somt 

• /?./, Uul 1121 , p -in 

* /I . I , Bui lO'M) pi» 31 32 

•IIifjniH 1 H , liihrrrtlmg 114 rk^liin ''Winr Jntr llrrtl 24('»)*200, Max, I*n3 
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deformities appeared, mature w eight declined, amount of milk production 
remained about the same, fat percentage increased In the Holsteins 
birth eights declined, vigor declined, mature u eight declined ainoun 
of milk production increased, fat percentage decreased 


/ Double Leader of U F 
350282 


Sir Double 
Leader 2d 
35Q2S5 


labred litter \ 
(8 pigs) 
Berkshiio, 
Mar 24, 1931 
Univ of Calif 


I Double Loader Belle 
ofUr 350285 


( Double Leader 4th 
331377 


I Double licader Belle 
\ 331378 


/Double Leader 4th 
( 331377 


( IX>uble Leader Belle 
331378 


Enhancer’s 
Leader 2d 
318540, tJniT 
of Cahf 


/Double Leader of U P 1 
350282 \ 


I Double Leader 4tb 
831377 


Mifis Double ] 
Leader Belief 
650285 


I Double Leader Belle 
\ 331378 


( Double Leader 4th 
331377 


Enhancer's 
Leader Belle 

2d 

318539 UniT 
of Calif 


\ Double Leader Belle 
1 of U F , 350285 

I Double l/eader Belle 
\ 331378 

Flo 1C2 — Pedigree of inbred pigs 

Wood\vard and Graics (194G) make the following statement m t 
summarj and conclusions 

Generally speaking farmers should not practice inbreeding 
exception to the general rule should be noted It a farmer has an » 

cow or bu he is justified m inbreeding to the cow or buU m order to ol>^ 
or 3u s or breeding that tmII carry a high percentage of the charac c 
of the outstanding com or bull This course is justified because the fcrtdi J 


»rt»"‘ 
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the inbred bull is not likely to be seriously impaired and any lack of size and vigor 
in the inbred bull is not likely to be transmitted to the offspring if he is mated to 
unrelated animals. Continued inbreeding of whole herds, however, is almost 
certain to be disastrous. 

Bartlett, Rcccc, and Islixner (1939) have inbred Holstein cattle at the 
New Jersey Agricultural Experiment Station with lethals and deformities 
appearing in some families, very poor type and red color in other families, 
good results in some families. They stress the point that rigid selection 
must be practiced along with inbreeding. 

Bartlett ci al (1942) reported no harmful effect of inbreeding (up to 
20 per cent) on the birth weight, rate of grondh, and type of dairy cattle, 
provided one starts with genetically superior animals and employs rigid 
selection. 

Margolin and Bartlett (1945) from further studies arrive at the follow- 
ing conclusions: 

This paper further confirms earlier work demonstrating that Holstein-Eriesian 
dairy cattle can be inbred without necessarily causing a decrease in body weight 
or size at any stage, from birth to maturity, as compared to outbred controls 
of the same blood line, provided the Wright coefficient of inbreeding does not 
exceed 0.20. Females inbred to a coefficient greater than 0.20 develop normally 
to approximately first calving ago, but show markedly abnormal development 
thereafter. However, the animals in this group with growth records complete 
to 72 months of age do not vary significantly in mean weight, height and heart 
girth from the Ragsdale standard, although they are considerably smaller than 
the outbred controls. 


Tyler el dl. (1946) found considerable variability in the effects of 
inbreeding on gro^^th. and production of Holstein-Friesian cattle, and 
their final conclusion is that, “The variation in these partial regression 
coefficients between sires was large enough that the offspring of some 
sires might be inbred as much as 25 per cent ivithout any apparent 
decrease in either body size or milk and butterfat production.” 

Baker el al. (1945) from a study of 88 daughters of the only Holstein- 
Friesian bull used in the University of California herd for a period of 
13 years— 24 of his daughters were outbred, F = 0; 8 had an inbreeding 
cocmcient of 12.30 per cent; 27 are of 25.00 per cent; 10 had a coefficient 
of 31.25 per cent; 13 liad 37.50 per cent; and G had an average F of 41. GG. 
The.so investigators’ conclusions aro as follows: “By means of suitable 
mathematical and statistical techniques, we have demonstrated a signifi- 
cant, proportionate per cent decrease of size in height, weight and lieart 
prtli among the daugliters of Boar Valley Ormsby Esther, 518G83 with 
increasing coefficient of inbreeding.” ’ 
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Regan et al (1947) analyzed calf mortality m the 25-j ear-old California 
dairj -cattle breeding experiment and conclude as follows 

Class I, the control group, contained all animals whose coefficient of 
^^as 0 to 0 1249, Class II from 0 125 to 0 2449, Class III from 0 245 to 0 37« 
and Class IV 0 375 and over The percentage of abortions in the contro 
group ^as just as great as m the highest classy of inbreeding It is , 

therefore, that the degree of inbreeding has little or no effect on the num r 
abortions , . 

Both genetic and environmental factors were found to influence mo a i 
Total mortality, which mcludes abortions, stillbirths, and deaths after 
up to 4 months of age, increases wuth the degree of inbreeding in Jersey ema 
Tlus IS also true for Holstein female calves, but, because of fewer numbers 
certain influences of the environment upon mortality the effect is less mar 
The mortality to 4 months of age for calves bom alive increases with an 
m the degree of inbreeding Individual bulls sire progeny of a 

birth u eight — ^light, medium, or heavy— but there is no evidence of a corre a ' 
between characteristic birth weight and mortality 
Within the same breed, sex and class of inbreeding, when the progenj o 
the sues are combined, there is no significant difference in the mean birth w g 
between calves that lived and calves that died Calves with extremes m * 
weight, either light or heavy, succumb more readily than calves near the m® 
weight . 

The percentage of mortality varied among the inbred progeny of the ^ 
sires Inbreeding apparently increased the mortality m the progeny of ^ 
hut the increase over the controls was not significant m the progeny of 
the sires Tlie mortality among the inbred progeny of all the other 
had sufficient numbers of offspnng was significantly greater than in the con r ^ 
It was t€ntatl^ely concluded that two different lethal genes, conditiomng 
lies of the Iner and heart, but with no external morphological effects, ma> 
been responsible for deaths m the inbred progeny of two of the sires Thae 
genes, howescr, are insufficient to account for all the mortality i,d 

seems that more subtle genetic relationships or interactions may be invo ' 
causing most of the mortality , j,. 

In inbred cal\cs, the proportion of mortality that cannot be attributed 
specific Icllnl genes, was greatly influenced by management and 
^le mortalit> was reduced bj keeping the calves on fresh, clean ground 
hvl lioen free from cattle for several months and by the use of sulpha therapy 
the treatment of certain infectious diseases 


I).ckrp.on H al (19 17) studied the effect of inbrcedmg on pcrfo™»” 
m sumo and found tli it for each 10 per cent increase m inbrccdinS 
''OS an atcrage decline m litter size of 0 2 pigs nt birth, 0 4 pis’* ^ 
dais, and 0 5 pigs at 50 and 154 data, m pig iieiglit no decline to 

dus buficlh at 154da,» 
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Winters ct al (19.18)^ report that performance in inbred snine has not 
deteriorated with inbreeding. "The advance of inbreeding has not been 
accompanied by any noticeable decline in any of the factors of perform- 
ance in the lines as maintained.” These workers attribute these results 
to (1) rigorous selection on the basis of performance and (2) a flexible 
system of mating best to best within lines rather than a rigid pattern 
.of full brother-sister or one-sire herd scheme mating. 

V xjse of Inbreeding. — Inbreeding has been used very little in animal 
breeding up to the present. BakewcU practiced inbreeding to some 
extent in England during the eighteenth century, and, when other 
breeders took up the practice, the foundations for our present breeds 
were laid. During the past 100 years, however, little animal inbreeding 
has been practiced. The larger and more influential breeders have used 
inbreeding to a limited degree, but the belief that there is something 
inherently harmful in inbreeding plus the justified prohibitions against 
it in the human have greatly restricted its use, and in consequence many 
possibilities of more rapid progress in breeding were lost. 

In 1905 G. H. Shull at the Station for Experimental Evolution of tho 
Carnegie Institution at Cold Spring Harbor, N.Y., and E. M. East at 
the Illinois Experiment Station began the experimental inbreeding and 
hybridization of corn. This work has now developed to the point whero 
the majority of field com produced is "hybrid” corn. The procedure 
involves the inbreeding of com for seven or eight generations, by which 
time the strain is practically pure or homozygous. Rigid selection is 
practiced, and the weakest strains discarded. There is always a decrease 
in yield in these inbred strains. After the best surviving strains have 
been purified by inbreeding, they are crossed, hybridized, in an experi- 
mental way to determine which inbred strains best complement each 
other. Many systems of hybridizing are in use, including the single 
cross between two inbred strains, the three-way cross of a third inbred 
on the result of crossing two other inbred strains, double crosses between 
tw'o single crosses involving four inbred strains, and top crossing of an 
inbred strain on a commercial variety. All these systems have certain 
advantages and disadvantages, the double-cross system being the one 
most generally practiced. 

This hybrid com has been compared with the mule hybrid in animals. 
Both of them are excellent in them.sclv'cs hut genetically poor from a 
breeding standpoint, the mule, of course, seldom being fertile anyway. 
Only the first generation of hybrid com should bo used for commercial 
planting, as the second generation gcncndly drops in yield by from 10 
to 25 per cent. Properly produced and tested hybrids tliat arc carefully 

* .Uinn. .Iffr. IJxl. Spec. Bui. 400. 
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selectcdforthe.radaptab.l.tytorceitamreg.onsv.lly:dd,onto^^^^ 

about 8 to 10 per cent more than out what they 

The com breeder is thus analyzing hjs materials, tadmg on 
are genetically through inbreeding and record keep g, B 

Ihest known strains together can be 

a big advantage over the animal breeder in that sell 
practiced, making the inbreeding twice as intense as p 
mals, his number of offspring is many times that P'>-“e with CTc^ 
most prolific ammals, and the cost of producing a P 
than that involved m producing a colt calf, lamb, or pig 

The man with just average livestock should, of ^ „odly 

inbreeding The fact that his stock is average means that it ^ ^ 

share of undesirable genes, which mhreedmg ivould make “ ^ 

and therefore worse For average livestock, 
to be a better system, for unrelated animals would have les 

of carrying identical poor genes u mbreed- 

The man i\ith better-than-average livestock should do so . 

mg The fact that hia stock is above the average merit o 
means that a random-selected, unrelated animal will ^„y 

to pull his herd or flock back toward the breed average 
breeders still shy at the w ord tnbreedtng, we will say that the be 
average breeder should practice hncbreedmg, which of course is a 
inbreeding, but a term which does not have the same fearsome co 
tions as inbreeding . , fomib 

cry breeder should try to buy his males in the best availab 
in hi 3 breed In the present slate of our knowledge, the gene * ^ 

best families m any breed arc not easy to know , and one must e 
advertising and “balljhoo ” Assuming one does buy a sire m a 
good family, then, generally speaking, he should try to stay i 
family, intensify its good qualities through hnebrecding, and we 
he poor genes , 

' Lmebreedmg — Many breeders fear clc^ebrceding (which tiej 
:all “inbreeding') but favor lincbrcedmg This is 
judgment Probably only a tmj per cent of our herds cou 
from tlosebTceding, a much larger per cent could benefit from me 
mg IMnt the breeder is constantly trying (albeit 
mnnj instances) to do is to replace poor genes v\^th good ones i 
his stock Wlien he gets a great sire (proved so by his offspnn 
would l>e lovolj if that sire could be kept alive indefinitely, ot a 
bus tc^tlcles through transference to a senes of young sires long<^^ 

tuallj he wall die and direct samples of his mhcntancc w dl h® 
available aSow it is obvaous that we can get the closest approac ^ 
good germ cells from his offspnng So the inlelhgent breeder use 
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sons and grandsons and thereby practices linebreeding. In the last 
chapter we wained that there was no magic in outbreeding systems, as, 
for example, crossbreeding. Again leVs remind ourselves that there i5 
no magic in inbreeding systems, as, for example, linebreeding. Some- 
times breeders sot out deliberately to linebreed to certain animals. They 
draw up a pedigree of an animal to be born 10 years hence by mating 
certain present animals in line- or closebrceding systems. Often these 
plans are based on present phenotypes rather than genotypes, and the 
whole plan is pedigree or paper breeding. These plans seldom work out 
satisfactorily. 

Such general plans can be made to work out very satisfactorily if 
they are soundly based on present animals* genotypes and enough animals 
so bred according to plan so that many can be tested and those that meet- 
the test used to continue and build the details of the plan. 

Linebreeding should be practiced in only better-than-average herds, 
seldom if ever, in average or grade herds, but perhaps even here when 
such breeders turn up with an outstanding sire. In any case, it must 
be done intelligently and in the light of all the records of performance 
possible. Some deterioration is to be expected from all inbreeding 
because even the best of our animals seem to carry some undesirable 
traits and these as well as their good traits will be intensified (become 
homozygous). It, therefore, becomes a race between selection and 
deterioration. Obviously, if a breeder is to win such a race, he must 
start with good stuff and select intelUgently. The annual 500-mi. 
Memorial Day race at Indianapolis is always won by a good machine 
(proved good by rigid test, not necessarily by its appearance) piloted by 
a a\u\\i'a\ anCi daring man who selects his course and his varying speeds 
intelligently and, to carry our analogy further, who goes to the pits when 
necessary for an outcross of oil, gas, or new tires. 

Linebreeding is not necessarily measured by the inbreeding cocfficiont 
ns is illustrated in Fig. 1G3. 

Tliree of the pedigrees in Fig. 103 show the same amount of inbreeding, 
but the percentage of “blood” from a certain animal is very different. 
If we are ever fortunate enough to own a really good sire, we will \s ant 
to keep his inheritance as intact as possible in our herds. 

If we have a good sire, B, his offspring arc good presumabb’, because 
they get one-half of their inheritance from B, in other words, B’s inherit- 
ance has been halved just once. 

Now, if wc get another sire A, unrelated to B, then 


lion .'inimnN 


A’a offspring 
or 

IVfl gronddnughtors 


i H'« ofr*(pring 1 
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B's .nhentance has been halved once 

no« , and n .11 contmue to bo ^ ™ related to h.m 

r:u:bS‘^«i o7co„rse, .nvolves sonte degree oC 



A =» 12 5% inbred 
257o “blood” from H 
25% “blood” from I 
25% “blood” from K 
25% “blood” fromL 
Not line bred 



A - 12H% inbred 
62 6% "blood’ from M 
25% ‘ blood” from D 
12 5% ‘ blood from X 
Iilore strongly Lne bred tx> M 
Fig 163— Pedierees 


(M 



(P ^ 

A » 12H% inbred 
50% “blood" from M 
25% “blood” from N 
25% “blood” from P 
lane bred to M 



A - 37 5% inbred 
87 5% “blood” from M 
Very strongly lme»bred to M 


illustrate hnebreedmg 


inbreeding The following diagram illustrates how a herd or flock 
be made to retain its 50 per cent relationship to a good sire B 

P 

B 8 double granddaughters fSon of B SO % related to B 'IX 

12H% inbred { ^ „fB 

60% related to B \Daughter3 of B 50% related to 


It IS e\ndent that the aboi e scheme in\olves some 
some hnebreedmg Each animal bom is unique as far as gene 
up IS concerned, 1 e , there net er has been, nor can there eter 
animal with an identical genetic make-up When a great sire 
can onlj retain a degree of relationship to him as strong as the 
ship et idenced bj any of his litmg descendants If w e ha\ e o 
that arc 50 per cent related to him and mate them, the herd w 
50 per cent related to the onginal good sire, but this relationship 
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cannot be increased after he has died. If we have animals that are 75 
per cent related to him and mate them, the herd ■will continue to be 75 
per cent related to the good sire. Even five generations of breeding siwJ 
to his daughter will only give us an animal 96.875 per cent related to th^ 
original sire. 

Linebreeding is most generally pointed to some great sire because 
generally sires through their many offspring become more "widely known 
than do dams through their few offspring. Linebreeding can be pointed 
to a great female. We think of one well-known and deservedly popular 
herd which was founded quite largely on one female. She was a great 
female both phenotypically and genotypically. She had five daughters 
as good as herself, and this breeder has used two of her sons as herd sires 
and two of her grandsons. The herd is becoming strongly linebred to this 
Wd female and is one of the top herds of its breed. 

^ Closebreeding. — This is the final degree of closeness in breeding 
starting as we did in the previous chapter with the widest system possible, 
hybridization, and working up through grading, crossbreeding, out- 
crossing, and in this chapter linebreeding. Closebreeding is the mating 
of parent and offspring or full brother and sister. This is the most 
potent tool available for rendering the genes homozygous. All the 
cautions stipulated for linebreeding apply to closebrceding and wth 
added emphasis. There, no doubt, are a few animals in every breed 
which could be closebred, with rigid selection, to advantage. To know 
unfailingly vliich these are is difficult. Certainly it can seldom, if ever, 
be achieved through appearance (phenotype) alone. Closebreeding must 
be practiced in only the best herds and only on the basis of complete 
records of performance, our only approach to genotype. 

One place where closebreeding Avould find greater advantageous use is 
in the production of sires. When a breeder finds himself with a tnily 
great sire, he often looks far afield for his successor, when a better choice 
is in his o'wn hands. He cannot possibly know as much about some 
distant herd as he can about his omi and he always runs the risk of an 
unfavorable “nick." Such a breeder might breed his great sire to a few 
of his own daughters which arc members of good cow families and get 
some males to be tried out as successors to their great sire. This is close- 
breeding, and these young sires will have 75 per cent of thc_“blood" of 
the old sire. Such a bull can be bred to females in the herd which arc 
not de.sccndants of the old sire without any inbreeding at all. If he is 
used on granddaughters or daughters of tho old sire, the offspring will 
bo io to 18 per cent inbred, in other w’ortls, linebred, and whether good 
or bad depends on tho validity of our original judgment ns to the genetic 
worth of tho old sire. 
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The ob^ erse side of the abo^ e picture could be had by breeding the son 

of a “creaf'^ co'n back to her to get a Sire fnrfMl to 

V Conclusion on Inbreeding —From the foregoing, bad 

conclude that inbreeding m itself la powerless to ^ ^ t out 

If good or bad IS present m the germ plasm ^"^r^ng inll 
anS bring it to hght Closebreeding may be used m the tetter 
and flocks if accompanied by lery rigid selectio 
breeding, a less intense form of inbreeding is f f f Because 

consists of mating animals of the same general line ^ 
the> are of the same line, thcj hai e the same general tj-pe , 

and so exhibit the same general set of , , n^tic almost 

Imebred herd or flock is extremelj uniform a j 

imaluahle (if of a good sort) m animal breeding In a g 
closebreedmg has the greatest permanent genetic „„ 

good and for harm, nhcreas outbreeding or mating of a , , 
degree of kinship hss perhaps the least esults, 

for good and the least danger of producing harmful pheno yv 
provided desirable animals form the outcross It is concCT> 
course, that ti\o ammals shoeing no pedigree relationship , 
generations back might have identical genes for one or more ® 
istics or potentiahtics, and, that if these two animals were 
iiould, as far as their l^e genes are concerned, be tantamoun o 
mg Most people think of inbreeding m terms of the names ^ ^ ^ur 
Since ue can see the names on a pedigree and cannot see through 

animals (but onlj their effects and the picture raaj be telhgcnt 

en%uronmental or genetic inBuences), this is perhaps the mo m 
M a> to think about it But we should keep m the back of our 
fact that mbreedmg is concerned pnmanlj with the jjjen 


homozj gous state is equal to or superior to the heterozj gous 
M e can ha\ e as good or better ammals through inbreeding and 
animals which will transmit uniformlj 


ju additioi^ 

e enough c 


If a breeder is keen enough m mating his ammals and severe e- both 
culling he maj practice closebreedmg Such pioneering requires 
courage and slall The majontj of breeders ought perhaps 
rmddle road, the happy medium Their desire is to progress, u 
cannot afford to take great chances For such breeders, bo 
hope and their safetj he m Imebrecdmg, which is an attempt to 
greater degree of homozj gositj of certain desirable genes withou 
too groat a n«k of intensifjnng undesirable ones This resu 
accomphshed m a % aneU of wajs 

It IS perliaps easier to lincbrccd to an outstanding male rat 
to an outstanding female because of the greater number of offspnng 
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former. If one found himself in possession of a really great sire (proved 
great by his offspring) -with many sons and daughters of this sire, he 
could select two or more of the best sons to mate with the daughters, 
balancing defects, if present, in the particular matings made.^ The next 
generation could be formed by mating the daughters of one sire to a son 
of another, etc. There is, of course, some danger in the first matings of 
half brothers and sisters, but, if this stage is passed successfully , there 
should be no great future danger. The second generation would be 
double grandsons and granddaughters of the original sire, and the third 
generation would be quadruple great-great-grandsons and -daughers of 
the original sire. The fourth generation and later ones would also show 
some inbreeding to the sons, grandsons, etc., of the two original sons used. 
These amounts are very small, liowever. This system should gradually 
render the genes from the original sire more homozygous, and m general 
half of the genes of the future herd would be those from the oii^nal sire. 
Pearson and Luslri have recently pointed out that essentiaUy this system 
is being used with marked success by C- C. Good of Ogden, Iowa, in his 
breeding operations nith Belgian horses. , * 

Lush has reported^ on a herd of beef Shorthorn cattle bred for 20 years 
without new blood '‘with the merits of the early good ancestor reasonably 
well conserved, >vith the whole herd nearly as like each other genetically 
as ordinary full sisters, and with the herd still maintaining a reasonably 
high average of individual merit.” A composite pedigree of this herd is 
shoivn in Fig. 1G4. . . 

Another system of linebreeding would result from mating the daughters 
of a sire to a son of the same sire but out of an unrelated dam, the resulting 
daughters to be mated to a son of the sire of the daughters again out of an 
unrelated dam. In this way one is always mating half brothers and 
sisters and producing double granddaughters of certain bulls. However, 
outside “blood” is being introduced by selecting the sires from unrelated 
dams. Various other types and combinations of linebreeding systems 
are, of course, possible, the aim in all of them being to inte^ify certain 
characteristics by rendering them homozygous, at the same time weeding 
out the homozygous undesirable characteristics. The success or failure 
of any system of breeding lies first in the genes that the original animals 
have and second in the brcedcris ability to balance defects and mate 
wisely— in other words, his ability to select. From tlic gerietic viewpoint, 
some form of inbreeding would be of greatest advantage in cases where 

‘ pKAnsov, P. B., and Busit, J. B., A Uncbreedini; Program for Horse Breeding, 
Jour, //errd.’ 24(5): 185, 1933. 

* Bush, J. B., A Herd of Cattle Bred for Twenty Ve.inj williout New Blow!, Jour. 
IIcretL, 26(0): 209-218, June, 1031. 
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ep,st..s..n.cUed 

from a certain combination of genes 1 . rrpnes 

“ to break up and scatter these VTilr. tS 

The only ii ay to tend to hold them together in fu ur p 

some form of inbreeding , unlikes) 

Our herds ere prohablj formed by selectu e mat g C to 

to get desirable combinations of qualities follo^\ed by 



Fia IM — Five eenerattons of inbreeding Pedigree of the entire ^ based 

complete back to the time of Sultan s Banner and with coefBcients of rel j^^ore tb*n 
on the ancestors alive in or near 1900 Each animal is shown but once ^ much 

one son or daughter an additional arrow indicates that Selection Has , 

opportunitj to thin out the >oung herd When that inevitable cumng a ^go,thoii8“ 
of the lines from Danner will disappear In the herd 10 or 15 > ears Banner 

tl e present plan is continued Banner may not appear much more im^ tbos® 

view or Banner s Last In any case he is not apt to be more importan 
combined {From Luth J L A Herd of CaUU Bred for Tvierdy Fear* tnWaw 
Jour Hered 45 (0) 209-21S Junt 19M ) 


render the animals somewhat capable of uniform transmitting a 
The amount of inbreeding being practiced m most breeds at p _ 

\erj small Most breeds probably hate some good and 
genetic matenal Inbreeding would allow the poor stuff to 
and it could then be discarded rather than being earned along i^ ench® 
state, asislikelt with outbreeding No doubt there is some good 6 
matenal m most herds, but it is difficult to know this t er> ^ ^ 
without records of performance Research and discotert of ‘ 
w ithm the breeds follow ed bj line- or closebreedmg to render the 
more homozsgous is badly m need of doing Such punfied mb 
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could then be used for intelligent crossing witliin the breeds, and they 
would also be available for crossing between or among the breeds in both 
fields, thus hastening the creation of better genetic lines. For progress 
in animal breeding, we need first to know what we now have. When that 
knowledge is available, it can be used intelligently both to strengthen 
Existing breeds and to create new ones. 

^Summary. — We have seen in this chapter that animals which evidence 
relationship by having common ancestors vithin the first four to six 
generations of their pedigrees are likely to have received identical genes 
from their olose-up common ancestors. When two such related animals 
are mated, they may both pass their identical genes to their offspring. 
Matings involving related animals are called inbreeding, and an inbred 
animal is likely to be homozygous in more sets of genes than is an outbred 
animal. Inbreeding creates no new genes but allows those already present 
to get into homozygous combinations- Inbreeding results in improve- 
ment or deterioration, depending entirely on the genes present in the 
related animals. Only those breeders whose herds are fairly large and of 
more than average merit sliould practice closebreeding. Linebreeding 
should have a greater vogue than it has had in the past. 

Inbreeding will be successful (1) if the good genes pretty well out- 
number the bad ones to start with, (2) if the breeder has more than 
average skill in planning his matings, (3) if the breeder can and will 
practice very rigid selection. Finally, it isn't the system of mating— 
it’s the genes in the animals and the intelligence in the man, and the 
latter is perhaps also largely a matter of genes. 

Inbreeding will uncover undesirable traits in animals, expose them so 
that they can be discarded. It will create separate more or less homo- 
zygous lines which may in themselves lack something of being completely 
desirable but prove to be verj' potent for good in crossing between lines 
or onto heterogeneous material. Good lines may be sorted out from 
inbred stocks; but w'hen an outcross is resorted to, the good results of 
many generations of inbreeding will bo scattered and lost, i.e., inbreeding 
must again follow’ the outcross. Inbreeding will succeed if the genetic 
complex was good to start with and the breeder's selection is keen enough 
and ruthless enough to offset probable deterioration. 

In closing this chapter, it seems safe to say that animal breeding lias 
lost more through fear of inlirecding than it has lost in any other w’ay. 
Only occasionally do we got a particularly desirable combination of gonc-s 
in an animal. Due to the halving and sampling nature of inheritance, 
outbreeding soon tends to dissipate this original good combination, 
h'aeh animal is unique, there never has been nor can be another just like it 
(csccjil identical .series). Ihe oasiest way to get other animals as near 
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genet.cally l.U the ongmal 8“^ “ trcelngTste^ Iretecom.ng 

Se:“r;n£trd:^tc- -onah,e to hope that greater 

use of inbreeding 
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CHAPTER XX 


GENERAI, CONSroEEATIONS IN SELECTION 


Selection is the keystone of the arch in animal and 

that a breeder’s ultimate success depends upon his „1| 

mating animals is so obvious that it perimts breeding 

be recognised immediatelj also that selection and systenis 
are bouTd together so closely that tore is no ""^“"/basic 
to separate them They are but different angles ^ ^„rth 

problem We have seen that an ammal s the 

depends m to ffnal analysis on the genetic contents of the gg 
sperm that nmted to produce it We must, 
thinking about selection to the ultimate determiners of pote 
genes and chromosomes— and it hardly seems necessary 
whether or not an ammal -with a good hereditary ^ of 


whether or not an ammai wiin » govu pj 

develops into a desirable individual depends in turn on 
cnMronment, especially feed, care, and management, Mhich is P 
If our selection is successful, if the animals we breed, m otne 
superior m the qualities that enable them to perform their ^ g 
functions successfully and profitably, it will be because their g 
ha\ e had an opportunity to express themselves m a suitable ^ 

Selection is nothing new It has been going on for over a i called 
or since the first forms of life appeared on this planet A 
natural selection and is the idea on which Charles Darwin form 
theory of evolution For millions of years before man e\en 
on the scene, nature was busy putting the genes together in 
combinations (variations) Some of these new gi\eO 

successful, gi\ mg nse to new tj^ies of life that were adapted to 
en\nronmcnt They, therefore, prospered and multiplied ® 
ce&sful combinations were those giving nse to animals tna 
adapted to their en\nronmcnt They could not Ine and 

therefore left few or no progenj Nature was ruthle&s, her one 

was fitness, and on the dual bases of ^a^atlon and fitness she h ggfyl 
the earth wnth mjTiad forms of life A long, long succession o su 

^ anations finally produced man himself ^^5 

One of man's carlj and most far reaching accomphshmen s .j^jcd, 
domestication of plants and animals ^Vlien this had been accomp 
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nature’s passive selection "was supplanted by man’s active artificial 
seleption. The latter has been going on for some 5,000 to 10,000 years; 
and, in spite of certain cynical opinions to the contrary, it has had a 
truly remarkable degree of success. For proof of this statement, all 
■\ve need do is contrast a v*ild boar and a champion barrow; a Texas 
Longhorn and a grand champion steer, a mouflon and a modem sheep, 
Przhevalsld’s horse and a modem Percheron; an early type cow and a 
modern dairy queen. Both in looks and utility such a wide gulf separates 
these extremes that one marvels it could be bridged in such a short space 
of time. Some critics aver that there has been no progress in livestock 
breeding during the past 200 years, that all our gains in animal form and 
function are due to better feeding and management. That the latter 
have played a large part no intelligent pereon would wish to deny, but to 
give them the whole credit seems unjustified. It is tantamount to saying 
that all livestock breeders’ efforts at selection have been fruitless, that as a 
group they have not increased to any degree the relative frequency of 
good genes or been able to discard any bad ones. 

If one wishes to maintain that selection methods have not been 100 per 
cent efficient, he would have ample justification for his position, but to 
deny any progress in breeding for the past two centuries is simply not in 
keeping with facts, and before being too critical of breeders of the past, 
one should, in fairness, recognize the handicaps under which they worked. 
The mechanism of reproduction was the last field tackled by the physi- 
ologist, and its complete functioning in terms of the immediate organs 
. concerned and the remote controls situated in the endocrines is only now 
beginning to be understood in a relatively complete manner. Likewise 
the mcchamsm oi VicTcCiitaTy transmission has been understood 5or offiy 
50 years, and its real use ns a tool in creating better plants and animals 
was begun only 30 or 40 years ago. Mass or phenotypic selection has 
brought us a long way from the crude and inefficient tjpos of animals with 
which man began. It can be admitted that “ox-cart” or “liorsc-and- 
buggy” methods of selection need modcniizing without belittling the 
accomplishments and tools of those who have pa.ssed on. 

For a long time, selection in all classes of livestock was based upon 
individual appeanmee, that is to say, ideals of bodily form were sot up 
after which the breeder tried to mold his own herd or flock. ISIany 
innuciico.s helped to shape these ideals, one of the mo.st important of 
which was the .show-ring standanl. It was thought, in other words, that 
there wjis a relation between form and function with hor.so.s and (lair>' 
cattle as well as witli meat animals. Selection was bastsl largely on 
anatomy. Gradually, however. U became np]iarent that, in ilairj* cattle 
('“{H'oially, tlior** was no nccossarj* correlation l>clwc‘cn ty|K! niul produc- 
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tion, between external anatomy and internal P''y»“'°sy ctS 

shifted Its base somewhat by >"dudmE a consideration o perto m 
the dranbar, at the milk pad, or in the feed lot Selection, m 
nords came to include physiological functioning “ ,„mance 

irinally, however, it became apparent that an animal s P 
was also far from a perfect guide to its transmitting ability 
In recent years, therefore, w e have heard much of prog y P 
tests as the only safe measure of an animal s breeding ™ attention 

attention to type, anatomy, or external appearance, ^ of 

to performance, physiology, or internal activity, but to th 
selection we have now added a consideration of how 1''= ™ 
performs m transmitting its own desirable qualities We P ' 
much attention as possible to individual appearance and 
performance We want both these things in our breeding am i 
we have slowly come to realize that having either one or 
guarantee that an animal will be a good transmitter ly'"® cmmolish 
ammals’ pedigrees complete enough m terms of records o 
ments (both as individuals and as transmitters) of the direc 
in the pedigree and a goodly share of the collateral relatives, "v'e Ho"' 
diet ith a fair degree of assurance how the animals will transmi 
ever, the final and only sure test of an animal s breeding ^ or , 

recognized to reside in the quality of its offspring Good 
performance, good pedigree (in terms of records) are indica 
breeding merit, but the only assurance of breeding merit resi cs 
offspring themselves . jg jg 

Variation, the Base for Selection — ^The breeder’s stock in 
variation The milk production, butterfat test, and total bu 
cows, the rate of gam and quality of carcass in fat stock, 

•wool, the ability and wnllingness to pull, the color pattern, ^ ® 
rate, the type, the length of useful life (we could go on almost m e ni 
do show considerable variation Selection is the breeder s a c ^ 
seize and perpetuate such favorable vanations as come his 
Holstein is black and white, we know it has at least one gene 
the other gene of this pair is, we cannot tell by inspection, t e , one 
Holstein may be BD, another Bb Likewise, two Holsteins 
produce 10,000 lb of 3 G per cent milk, but this is no sure 
assuming that they ha\ e identical sets of genes One of these o 
maj transmit \ery well to her daughters — the other one very 
Wc do not know how many genes each species of our farm anima 
A recent estimate of the number in man by Spuliler (1948) 
total length of human chromosome compared to Drosophila an ^ 
•SpuiiLEn J Is On the Number of Gene^ in Man, iSoence, 108 270' 
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mated mutation rates in the sex chromosomes yields the limits of 20,000 
to 42,000 genes in the human. Possibly the number of genes in our farm 
animals is something fairly comparable. It is unlikely that we can ever 
know very accurately what genes any animal has. Selection, therefore 
(marshaling favorable genes) must be done indirectly. 

Since all living forms are probably the result of an evolutionary process, 
they may all still have some genes in common and the more closely 
related individuals are, the more genes will they have in common. An 
amoeba and a man may have some genes in common, though probably 
not many. A monkey and a man no doubt have more genes in common 
(sometimes, apparently many). A Chinese and an American no doubt 
have still more genes in common, two Americans still more, two Smiths 
still more, the two “coughdrop” Smiths still more, and identical tnins 
have all their genes in common, except for the slight possibility of 
mutations. 

Breed differences arc gene differences. Breed A and breed B, no 
doubt, have many (or most) genes in common. But they have enough 
different genes so that they arc set off into two distinct breeds. If 1 in 
200 Angus calves is born rod, then the frequency of the h gone must bo 
about 0.07 (66 or 6* being 0.07 X 0.07 or appro.xiraately 0.005 percent) 
and the frequency of the B gene is, therefore, 0.93. Then pure (homo- 
zygous) blacks, BB, arc per cent; Bh arc 13 per cent and 66 arc per 
cent, since the zygotic ratio is the square of the genetic ratio. Short- 
horns, however, and Herefords, while no doubt having many of the same 
genes ns do Angus, arc 100 per cent 66, having no blacks. By selection 
the frequency of the B and h genes in the Angus breed could be changotl 
in cither direction. If the selection was for more red (more 6 genes), 
then it would move up to 1 per cent red ciilvcs when the breed would be 
SI per cent JIB, 18 per cent B6, and 1 per cent 66; then up to 10 per cent 
rod calves when the breed would be '18 per cent BB, 12 per cent Bh and 
10 per cent 66; then up to 25 per cent red calve.s when the breed would bo 
2.’) per cent BB, 50 per cent Bh and 25 per cent 66; etc. If there is no 
selection for one gene or against another, the original frequencies of tlio 
genes will remain ju.st a.s tliey arc. 

\M»ilc breeds have many genes in common, they also have many whirli 
nro different. may be homozygotis dominants (for some genes), 

bomozygouH rece'>‘'ive.s, or lie of any degree of lieleror.ygo'-ity. The 
members of a br<‘<‘<l in one ^ect^on of (jte country (<ic‘=renile<l largely from 
u certain foundation) may be genetically quite different from tbc mem- 
Ikth of that bretsl In Fome other wetion of the country*. 'Huj genes in 
two herds in the >aine section of tlie enuntrj’ may be tjuite tlifferent in tbe 
ivlativj' fre<iuency of certain genes, llje e.arly of ^flection in 
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molding nmmal and plant tjpra tonard an ideal led to a 
selection had practically no upper limit 1 he discm erj of ho 
mechanism as resident in the genes finallj dispelled this illiisionV 
Mas brought about largely through the nork of Johannsen in 
seU-fertihring garden bean From a muted „ 

plants that bore large seed and others that bore small seed / 
at selection iMthm these “pure lines,” ho^^e^c^, proNcd una\ai 
Selecting large seed from the large line gave no larger seed, on the a% 
age, than did small seed from this line Likewise, the selection o sm 
seed from the small line gave no smaller seed, on the a\cragc, t an 
large seed from the small line Johannsen designated these as p 
lines,” t e , pure from a genetic standpoint Small seed from t e ar 
line was small because of cn\nronmcntal effects, but genctical j cs 

small seeds were just like the large seeds m the same line i t on 

Selection, therefore, did prove to have an upper limit and sc ' 
v\nthin a “pure line” was not effective Thus, for the first time, i 
fully realized that the effectiveness of selection was entircl> dependen 
the nature of the hcreditar> units If a quantitative character 
on two sets of genes A and B and wc start with a heterozygous genera i 
Aa Bb, v<e can get out a line that is A A BB or aa i>t>, thus showing ^ ^ 
character to a greater or less degree than did ancestors 'WTien we ge 
line that is AA BB, thus showing the character to a greater degree, 
cannot go beyond this point This is a pure line which, under optimn 
environmental conditions, v% ill always breed true ^ 

This general pnnciple is applicable to all living forms In our 
stock, it IS probable that most commercially desirable characters 
a quantitative sort and probably controlled by scores or hundred of gen 
What w e are attempting to do in selecting is to dev elop our amma s m 
"pure bnes” or as close to this as we can get with unisexual anim 
The task is not an easy one because of the time necessary and the 
plications inv olved in dealing with large numbers of genes, but " 

the underlying scientific basis v\ill at least enable us to chart our cou 
more intelligently Dealing with large numbers of genes simpb 
that it wall take a long time to get them sorted out into the 
homozygous forms, but we can have the comfort of knowing that w 
VI e once get them sorted out they w ill remain in that condition indefim ® > 
except for an occasional mutation There seems to be a grovnng h® ’ 
how ev er, that the best animals phenotypically may not be the most hoinO' 
zygous — in other w ords that an Aa animal may be better phenotyp**^^ 
than either an AA or an aa animal If this idea prov es to be true, it ' 
of course, hav e a v cry marked bearing on sy stems of breeding 

This bnngs to mind the importance and gravity of the decision 
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introduce a certain male into our breeding plans. When once we bring 
a male into our herd or flock, his influence, good or bad, is apt to remain 
with us for some time. When once his genes are put into our "hereditary 
mix," they remain there more or less indefinitely. Probably most males 
will bring in some undesirable genes, and, if there are not too many of 
them, we can hope to rid ourselves of them in a reasonable length of time. 
If a male brings a host of bad genes, they may plague us through many 
generations. 

As we saw earlier, the genes may act in a variety of ways. They may 
show additive or cumulative effects. If in sheep, for example, genes 
ri., B, C, and D stood for 1 lb. of wool each and a, b, c, and d for lb. 
each and a breeder has a flock that was Aa Bh Cc Dd, he could by inter- 
breeding select out lines that were AA BB CC DD (shearing 8 lb.) or 
aa hb cc dd (shearing 4 lb.). Our assumption is that these genes act 
additively so that when AA replace aa wool production goes up 1 lb. 
It seems certain that much inheritance for commercially valuable traits 
in our livestock is of the additive type, though far from all of it. 

Dominance effects may be misleading. In the above example if A 
(1 lb. of wool) were dominant over a (J^ lb.) then substituting a large A 
for one of the small a’s in aa animals increases yield by lb., but not 
when substituted for the small a in Aa animals. A A and Aa animals 
yield alike but do not breed alike — ^^ve will make some mistakes in 
selecting because we can not readily distinguish between the AA and Aa 
individuals. Epistatic effects, dominance between pairs of nonallellic 
genes, behave in a similar fashion and are a hindrance to selection because 
to have the desired effects wc must keep certain combinations of genes 
together, a hard thing to do because of the principle of independent 
assortment. 

Genetic variation is then of three sorts — additive, dominance, and 
epistatic. The first sort presumably shows its presence whenever it 
occurs in a phenotype. The offspring will, therefore, average halfway 
between the phenotj’pes of their parents. Dominance and epistatic 
variance, while genetic and hereditary in the broad sense, does not behave 
in this simple additive way, and the phenotype docs not tell so complete 
and simple a storj' of probable genotype as it doe.s when the inheritance 
is of the simple additive sort. If a good quality is due to simple additive 
inheritance, it can he seized and enriched by selecting and mating parents 
nhich show the quality in increasing amounts- If the quality is influ- 
enced by dominant or epistatic genes, it will not ncccs-sarily bo pas.sed 
to all offspring because of the halving and sampling nature of inhcrit.ancc. 
Finally, an animal nith an average or mediocre genotype may, through 
the Ktimulns of excellent environment, perform fairly or very well. But 
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these emironmental, dommance, or ep.sHtic "''f 

,ly passed on to offspring aihicli raaj fall far short of their parent 

'iccomplishments , . ^ ^l.p 

Technically, aanation is called aannncc, iiliich is the a'crago 
squared deviations of all the a anates Tlic square root of , 

is the standard deviation represented by small Greek sigma or c 
observed variance or oj is therefore, made up of four portions a . 
ctq, dominance, al and epistatic, <tI, and environmental vanance 
IS represented bj a% , . , 

Breeders trj to select offspring from their better animals on 
of these animals look and/or beha\c, their phcnot>T)C 

vanance vere entirely caused b> addilue genetic differences (none 
en^^ronment, dominance, or epistatic effects) the phenotype of e p 
ents Avould be their genotype, the offspnng w ould a\ erage the , 

a\erage of their selected parents and the entire selection di 
vould be achio\ed The selection differential is the difference e "._g 
the a\ erage in any qualitj of those selected to be parents and the o' 6^ 
of the vhole population in which they were bom If the average i ^ 
size m a herd of hogs this year was 8 pigs and we saved pigs from i ® 
of 10 pigs, the selection differential would bo 2 pigs If 
due to additively genetic vanance, neirt. gear’s litters, while 
would average 10 pigs per litter Animal breeding would then 6 
easy to offer much of a challenge . 

Actually much of the \ariance m the commercially valuable trai 
our animals is from environmental dommance, and epistatic causes 
observ ed ^ anance is cj, and this is made up of genetic dominance 
epistatic ffi, and environmental fractions '^Tiat portion o 
phenotypic supenonty of parents we are bkely to get in their 
consists of the genetic \ anation dmded by the sum of all the 

of \ anance, plus a small amount of the epistatic vanance m the 
generation . 

Methods of estimating hentabihty all depend in one way or ano 
on the amount of resemblance between relatnes as compared to 
blances betw een ammals selected at random from a population Ano ^ 
way of saJ^ng this is that hentabihty can be determined by 
the amount of \ anation among animals selected at random w^t 
found among ammals of known relationship Where possible, the ^ 
method of ascertaimng hentabihty is to compare the \ anation lO^^^ 
random breeding population where both hereditarj and en\nronmo^^^ 
^ anation exists ivith that in pure bnes w here practicallj all the i * 

13 environmental m ongm Unfortunately, this is not feasible ^ _ 
animals except m the case of cattle where identical twans and or lU^ 
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t^nns can sometimes be so used Estimates of hentability based on the 
lesemblances betiicen relatives are fraught iMth the danger that relatives 
may resemble each other both because they have similar genes and. 
because they have been exposed to similar environmental influences 
Lush discusses^ the use of parent offspring resemblances as follovs 

The resemblance between parent and offspring is the most mdely useful 
method, but is likely to include some environmental correlation between parent 
and offspring Also it will include something from the resemblance of the off- 
spring to the other parent, if mating were not random In using this method 
tile procedure is as follows (1) observe the correlation between parent and 
offsprmg, (2) subtract from that the environmental contribution, (3) double the 
remainder, and (4) divide by one plus the correlation between males ® The 
second step is alvays likely to be difficult, and the fourth iviU be unless the 
deviations from random matmg are known more exactly than is usually the 
case 

A useful dodge which makes steps two and four unnecessary is to divide the 
mates of each sire into a high and a low half on their own performance, combine 
the data for all sires, divide the difference between the daughters of the high and 
the low halves by the difference between the two groups of dams and double the 
result This measures the additive portion and a bit of the epistatic portion of the 
differences between such dams as were mated to the same sire It leaves unan- 
alyaed the average differences between the groups of cows which get mated to 
different sires A similar division of the offspring of the high and low sires 
mated to the same dam would answer as well m prmciple but, because of the 
usually small number of offspring per dam, is rarely possible with farm animals 

Half-sib correlations are also used m determining hentability Wnght, 
using a strongly inbred lino and a control, outbred line of guinea pigs, 
measured the a\erage likeness between parents, between parents and 
offsprmg, and between litter mates and was able to separate the variance 
in amount of white spotting into three categones (1) that due to heredity, 
(2) that due to environment common to litter mates, and (3) that due to 
cnMronment not common to litter mates The results showed that, 
while the variance duo to environment was nearly the same in the two 
groups in actual units, it made up 97 2 per cent of all the vanance m 
the inbred group and onl> 57 8 per cent in the control, or outbred, group 
In other words, the hercditarj xananco in the inbred stock was only 
2 8 per cent, while m the outbred stock it amounted to 42 2 per cent 

* I esn, J , “^Vnininl Urerdmg Pinna,* pp 03-91, Collegiate Press, Inc , of Town 
Stfttc College, Amts, Iowa, 1945 

* Tins shoukl be tlu genetic corrcTnlion (toefiinent of relationship) if the depnrturt s 
from rniitlom mnlmg w t re of tlu jiibn t ding kind hut should be the nctimll> obseia ed 
correlation if the muting choiets were liasctl on enrh ammars own indi\idimhtj for 
the tliamcteristic being studud Oni will tTin.]} l>c rertnm about this 
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Jilany studies on the hcntibililj of \anous characters in farm animals 
ha\e been made during the past ti\o decades Most characters 
are important m the production of profitable li\estock ha^c been foun 
to ha\e hentabihties m the range from 1> to 50 per cent, nith a feir 
estimates abo\e and beloM this range Summancs of actual hentability 
estimates will be gi\ en m later chapters in connection mth the discussion 
on selection in the various t^Ties of li\cstock 

As Mill be seen later, rather different estimates of the hentabilitj o 
the same character ha\e sometimes been obtained in different studies 
Possible reasons for this di\crsitj quicklj become apparent when "c 
remember that hentabilitj depends upon the relati\ e amount of \ anation 
which can be asenbed to hereditj and cnMronment, respectiselj 
ation in the actual amount of % anance due to either of these causes w 
greatlj affect hentabilitj estimates 

The amount of genetic diversitj m the populations sampled mil haio 
a great influence on hentabilitj estimates Increasing genetic puntj 
leading to less genetic ^ anation results m lower hentabilitj estimates 
The M ork of Wnght previouslj referred to in \\ hich hentabilitj of 
of hair-color spotting in guinea pigs was greatlj decreased in inbrea 
strains is an example of this Tlie more recent work of Hetzer et o 
(1944) m which apparent hentabihty of tj’pc in swine was found to be 
about 90 per cent when three widelj different tjTies were considered as 
one population, but only 38 per cent wnthm strains is a further illustra 
tion of the same general pnnciple 

Converselj, a decrease in % anation of en\ironmental origin mil lea 
to higher hentabilitj estimates This points out the necessitj for 
maintaining fairlj uniform en\^^onmcntal conditions if breeding opera 
tions are to achie^ e maximum success 

Finally, small numbers of animals ha\ e been included m some studied 
and some of the disagreement in the estimates is doubtless due to samphaS 
errors 

A hentabihty estimate is reallj nothing more nor less than an estimate 
of the a\erage correlation between genotj'pe and phenotj’pe A big 
hentabihty indicated a high con’elation, which m turn means that 2° 
animal is probably similar genotj-pically and phenotj^jicallj lo sue 
cases progeny tests and familj selection are unnecessary In the majontj 
of cases however, hentabihty is relatuely low, and information fro® 
progeny tests and the performance of relati\ es w ill be helpful in estimatmg 
the probable genotypes of an ammal PicUng the better representatn ^ 
m a herd or flock to be the parents of the next generations is not enoug 
to ensure progress Because so much of the vanance is other than simp / 
additively genetic m nature, we must broaden the base of selection to 
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include as many of the close relatives as possible and select from good 
phenotypes Avhich, according to the nature of the performance and 
transmitting abilities of their near relatives, are probably also good 
genotypes. If the maternal great-granddam was a productive female 
and had several good offspring among them, the granddam, which was 
by a good proved sire, and this maternal granddam was in turn a good 
producing female and got good offspring among them, the dam, which 
was by a good proved sire and the dam herself was a good producing 
female and has gotten some good offspring, then her present offspring 
which we are considering, if by a good proved sire, has a reasonable 
expectation of being a good one. In short, selection is likely to be more 
successful if the six animals maldng up the bottom line of the pedigree for 
three generations back are not only good phenotypes, but whose geno- 
types have also been tested through their offspring and found to be 
good. 

Characteristics of a Livestock Population. — The numerical data as to 
numbers and values of animals in the various classes of livestock are 
given in Tables 1 and 2. Dividing the total value in 1949 by the total 
number gives us an average value of $95 per head for all classes of animals 
combined. The specific values for each class arc listed in Table 1. The 
modest value of the average horse, mule, cow, sheep, or pig should provoke 
serious thought on the part of livestock breeders. These average values 
indicate that billions of dollars worth of product are being produced 
annually in the United States uith low-grade, inefficient animals. Such 
economic waste should be checked as soon as possible. 

The average dairy cow is said to produce 5^000 lb. of milk and 200 lb. 
of butterfat yearly. In 1947, 775,000 cows in Dairy Herd Improvement 
Associations (D.H.I.A.) averaged approximately 8,700 lb. of milk and 
350 lb. of butterfat. According to the Bureau of Dairy Industry, the 
feed cost per pound of butterfat in the latter group of cows was 43 cents, 
while in cows producing only 200 lb. of butterfat, the cost per pound was 
CO cents. Speaking generally, dairymen who test their cows arc a 
selected and superior group of men. They pay more attention to breed- 
ing, they grow their young stuff better, they farm and they feed at higher 
levels than the average. So part of the increased production of D.H.I.A, 
cows i.s, no doubt, due to better cn\ironmontal conditions, part is duo 
to better inheritance, and how much, on the average, environment plays 
and how much inheritance, no one can say. D.H.I.A. figures show 
conclusively that ^^incomc over feed costs'^ mounts steadily witli increas- 
ing production. True, the high-producing cow eats more feed than (ho 
low protiuccr, but a smaller percentage of her feed needs to bo used for 
maintenance. Or to put it another way, the higher jiroducing cow 
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produces more product per pound of fcwl consumed and for this reason 
IS more efficient and more profitable 

It should be rememhered that an a\crage is a mid-pomt It tn 
a\erage produebon of all cous m the United States is 5,000 lb , ® ^ ’ 
then about half our cous must produce less than 5,000 lb of mu 
year To people h\ mg m a good dairj area, this is almost unbe ie\ a e 
Table 34 sho^s the distribution of 216,489 cows on which dam-daughter 
compansons "were secured in pro\ung the first 25,000 bulls in D 
testing ^ 

The a\ erage butterfat production of all the dams in Table 34 is 

Table 34 — ^Distribution or Cows' Hecorbs Used in Promno the First 25 000 
Dairy Sires by toe Boreac or Dairy Industry* 


Dam and 
daughter 
pans 

Number 
of stres 
used 

Dams’ 

butterfat, 

lb 

Daughters 

butterfat 

)b 

BuUa 

Equal parent 
indext 

94 

16 

188 

243 

298 

324 

52 

215 

254 

293 

1,351 

182 

240 

271 

302 

4,483 

579 

264 

292 

320 

10,365 

1,286 

289 

310 

331 

19,317 

2,301 

313 

329 

345 

30,462 

3,507 

338 

346 

354 

40,308 1 

4 479 ! 

362 

365 

368 

30,536 

4,464 

387 ' 

383 

379 

30,924 

3 466 

411 

403 

395 

20 304 

2 363 

436 

421 

406 

10,888 

1 299 

460 

438 

416 

5,321 

626 

485 

451 

417 

1,799 

238 

510 

472 

434 

544 

76 

535 

474 

413 

283 

40 

560 

496 

432 

106 

13 

584 

535 

486 

56 

7 

610 

436 

462 

24 

4 

637 

476 

315 

216,489 

1 25,000 

376 Av 

375 Av 



•Adapted from data .n D H 1 A Letter VoL 24 No 12 December 1948 ^ tb« 

t Indexes wll be dueusaed at lenstb later The fonnul* for the Equal parent Index “ 

dau^tera arerage ounua the dama arerage Thia plaeee daughtera just halfway between tn r** 


It Will be seen that the greatest number of cows (79,844) is m this grouP 
and that the number m the other groups tapers off fairly regularlj ^ ' 
approach the upper limit and not so regularly as we approach the 
limit because the poorer cows are disposed of earlj In short, m 
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animals are average animals — there being fewer very poor or very good 
ones. The breeder’s job is to fmd the upper half of his herd in trans- 
mitting ability and to save his replacements from these better-than- 
average females which arc in bcttcr-than-average cow families and see 
to it that they are by better-than-average males. Only in this way can 
improvement be brought about. 

It will be seen in Table 34 that the dams are arranged from low to 
high by 25-lb. intervals. They start at 188 lb. and proceed upward in 
a straight line to G37 lb. Their daughters start at a higher level and end 
at a lower level. When their daughters' production is fitted to a straight 
line by the method of least squares, the daughters’ production is found to 



Bull Index in Pounds of Butlerfol 

Fio. 105.— Distribution of Holstein-Ftiesian bulls. (From Vol. 16, Hotat&in-Fneaian Red 
Book.) 

start at 247 lb, and to end at 541 lb. The regression of daughters on 
dams in an vmseiected population is known to be 0.5. This means that 
these daughters should start at 275 lb. and end at 512 lb. They actually 
start at a lower figure and end at a higher one. This would seem to 
indicate that there is effective selection now used in some D.H.I.A. 
herds. The poorer herds seem to use below-avcrage sires and the better 
herds to use above-average sires. If the environment were the same for 
all herds, wo would know this to be the case. Some of this possible 
hereditarj^ difference may actually be due to environment, the poorer 
herds holding down production of both dams and daughters through 
poor feeding and management and the better herds boosting production 
by superior feeding and management. For the data in Table 34, the 
sires’ transmitting levels (Equal-parent Index) start at 305 Ib. and end 
at 449 lb., instead of nmning straight across on the 375-lb. level as they 
would do if all environmental conditions were similar and there were no 
effective selection. The above data shows that, so far as milk pro- 
duction is concerned, most cows arc about average and that they grow 
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smaller in numbers as the extreme of low production or high product' 

arc approached. . . e « i 

A few years ago wo studied the transmitting abilities of some , 
Holstein bulls. From their daughtcr-<lnm comparisons, the 
transmitting qualities of these bulls were known. Their dis n u 

showTiinFig 1G5. 4 :«n in 

In Table 35, wo show the distribution as regards typo classihcalion 

our dairy' breeds 


Tahle 35 — DisTRiBUTios or Typb in PAinr Catti.k 


Clssaififation 

Ayrshire 

Brown 

Swiss 

Giiorn- 

sey 

Jersey 

Hol- 

stein 

All 

r. 

Excellent 

Very good 

Good plus . 1 

Good 

Fair 

Poor 

729 

S,C76 

8,259 

3,923 

Gil* 

19,198 

130 
2,201 
4,C83 1 
2,429 
248 
3 

9,957 

1 290 

3,716 
8,494 
4,672 
818 
115 
18,105 

2,740 
, 29,995 
49,661 
20,623 
2,908 
00 

105,996 

1,401 

15,687 

35.201 

30,995 

8,306 

3S2 

02,032 

5,290 

57,338 

106,361 

02,642 

12,891 

500 

245,088 

2 2 
23 4 
43 4 
25 6 

5 2 

0 2 
100 0 


• Includo* »fty clisfified "Poof.'" 


Again we see in Table 35 that the animals distribute thcmschcs i 
fairly regular w ay around the average ^ ^ 

The mam purpose of calling attention to the distribution ® 
population around its mean is to portray the principal problem inA 
in improving our livestock As wo have already said, our task is o 
the better females and get them bred to the better sires. Up 
present, it has been a case of average females being bred to average 
with the foreordained result of getting average offspring. 

Results similar to the above for dairy cattle w ould no doubt a 
found for our various classes of fat stock were records available. 
animals vary is an observation that none can miss. ■S\Tien the qu^ 
being considered is one determined by the interaction of many 
hereditary determiners or when it is one that is easily influenc 
environmental factors or both, the population distributes itself aro 
the mean in a fashion closely resembling a normal curw'e, as is illustra 
in Tig 165 

From the very beginning, aiumals of any class have probably 
vary about their respective mean or average m any quality. The 
that our animals have been improved down through the ages 
that man has been able to select from the upper half of the popu ^ 

In this way the average has been moved upw'ard by almost jmpcf^®P * 
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stages. Now that some of the facts regarding the principles of heredity 
are kno^vn, a somewhat more rapid shifting of the average toward higher 
goals should be possible. It must be remembered, however, that gradual 
progress made through the centuries may have limited somewhat the 
working range of animal breeders. For example, further improvement 
in the egg-laying ability of a 250-egg strain of chickens may be more 
difficult than in a wild strain laying one clutch a year. In general, the 
means effecting further improvement would seem to consist of two things: 
(1) getting more accurate and complete facts about the various qualities 
of our animals and using the facts more intelligently by arriving at an 
animal’s probable genetic value from a consideration of its close relatives 
as well as the animal’s own qualities; t.e., broadening the base of selection; 
and (2) being more careful to separate, in so far as possible, genetic from 
environmental variations. We wll probably continue to find that our 
animals will vary around their mean. How to locate the favorable 
genetic variations will continue to be our main problem in selection. 

Changing Gene Frequencies.* — Since genes determine characters, 
breeders, in selecting for certain things, are actuaUy trying to influence 
the proportion of different genes in their stock. Wright, in studying 
the coat colors of the parents of 3,000 Shorthorn cattle, found that 47.6 
per cent were red, 43.8 per cent were roan, and 8.6 per cent were white. 
Since this is a character seemingly controlled by one pair of genes lacking 
dominance, we know that to the 8.6 per cent of white genes shonang as 
white and to the 47.0 per cent of red genes showing as red must be added 
one-half the roan value 43.8/2 or 21.9 (roan being Rr), in order to get the 
frequency of the white and the red genes in the population. Thus, 

1 47. G + 21.9 = 69.5% red genes and 8.6 + 21.9 = 30.5% white genes in 
the population. Now, if the population had been mating at random, 
wc would have had 



69 5 7? 

30. 5r 

69.6 JJ 

48.3 /?« 

21.2 

30.5 r 

21 .2 Rr 

9.3rr 


or 

4S.SJini42ARrtQ.3 rr 
instead of 

47.Ql{R:43.SItr:S.0rr 

This slight discrepancy shows that mating was not at random hut that 
there was a preference on the part of breeders for roan. 

* Foe ibid., pp. 01-71. 
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Generally, q is used to represent the frequency of one gene and 1 - ? 
its allele, and since in random mating the proportion of different zjgo cs 
iMll be the square of the gamclie ratio, the ratio of zygotes becomes 

q' 2<l(l - q) (1 -5)' 

If either the first or the last term is hnon n, the others can be computed 
If 1 per cent of Holstein caUcs nerc bom red in color, then rod, rr, o 
(1 - g)’ = 0 01 and (1 - g) = 0 1 and ? = 0 9 So under this assump- 
tion 81 per cent of Holstcins would be pure for black, homozygo 
BB, 18 per cent heterozygous, Bb, and 1 per cent would be re ^ 
other ^Nords, if 1 per cent of Holstein cnUcs are bom red, then 
black Holstcins arc hctcrozjgous for color 



Fio 166 —Independently eegregating genes A and B — freQuency 0 5 


This principle applies also to independently segregating, nona e 
gene pairs This can be shown by the usual 9 3 3 1 dihybnd ra i 
If genes A and a have a frequency of 0 5, genes B and 6 also a frequenc 
of 0 5, then they will recombine as shonn in Fig 1C6 

This formula could be extended to n genes by serial multiplication 
the squared binomial of each independently segregating gene, 

[gxA + ( 1 q^aYiqsB + (1 — 5 ^) 6 ]*, etc , to n 

Thus we can see that with two pairs of genes of equal frequency 
we uould have 1 IG chances of getting an animal pure for both pairs 
dominant genes (AA BB) This is calculated according to the 
q^’' (n being the number of pairs of genes involved) Thus m Fig ’ 

g was 0 5 and n pairs of genes was 2, so 0 5^ = 6 25%, or 1 16 chanc 
With g at 0 4 and five pairs of genes, we would have 0 4'“ * 0 0^®^’ 
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1.10,000 chances of getting an animal homozygous for all five pairs of 
genes -whose frequencies ^\e^e 0 4 If the gene frequencies had been 
0 6, our chance -would have been 1 166, if it had been 0 8, our chance 
would have been 1 about 10, Avhercas, if the gene frequencies had been 
0 99, we -would have had 111 chances That is, if a herd was almost 
all AA with very few Aa or aa, BB, wnth very few Bh or hh, CC Avith very 
few Cc or cc, etc , it would not be difficult to keep them AA, BB, CC, etc 
It is obvious that increasing the number of gene pairs being selected 
for reduces the chances of secunng them all in a homozygous state 
If we increase the pairs to 10 and leave the frequency at 0 99, our chance 
of success drops to 1 12, whereas increasing gene pairs to 20 reduces oui 
chance to 1 15, and increasing the gene pairs to 50 reduces our chance 
of success to about 13 In practice the more things w e try to select foi 
simultaneously, the more likely we are to fail In our college dairy 
herds, we feel that we must have both good type and good production 
The genes, however, that bnng about style, straight tops, fine withers, 
well-set legs, etc , do not necessanly have anything to do with the 
physiological functioning of the organs and glands that result in a heavy 
milk flow If we could select for production alone, we probably could 
get it more quickly, and we might end up with animals which ■i\ere of 
less-than-average merit in type, though this is not necessarily inevitable 
If one third of the ammals in any dairy breed would suit us from a 
production standpoint and onc-third of them from a type standpoint and 
these two things were not closely correlated, then it is obvious that 
only one-mnth of the animals of the breed would suit us from a combined 
standpoint of type and production The more uncorrelated things we 
select for simultaneously, the more we narrow our range of selection and 
the more we reduce our chances of success 

It IS apparent that it would be easier to find an animal having at least 
one of the desired genes than it would to find one having both, since, 
if Q® are AA and 2qi\ ~~ ff) Aa, then those which have at least one 
A are -f 2g(l — g), or 2g — g*, which may be wntten g(2 — g) 
This can also be extended to n pairs of genes by applying the formula 
[g(2 — g)]" Thus, in our last example of a dihybnd with equal gene 
frequencies, we would have lg(2 — g)]'‘ = [0 5(1 5)]® = 0 75" = 50 25%, 
or 1 2 chances of getting an animal that had at least one A and one B 
With g at 0 4 and five pairs of genes, (g(2 — g)]" = 10 per cent, so w o 
would have 1 about 10 chances of getting an animal with at least 
one dominant gene in all tho fi\c pairs involved, whereas, if the gene 
frequencies had been 0 6 for each of tho five pairs, our cliance would 
have been 1 2 5, at 0 8, it would ha^e been 1 1 2, at 0 99, it would ha\c 
been 1 1 001, or a practical ccrlamtj Lowering the gene frequencies or 
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increasing the number of pairs of genes imoUcd curtails the likelihood 
of selection being successful 

From the aboae discussion and m mow of the fact that mos 
animals are still relatiaclj hctcrozjgous (gene frequencies around U ; 
for many pairs of genes and that most of the commcrciallj csira 
qualities are probably controlled bj many (perhaps 20 or 100) pairs o 
genes, the breeder’s task is seen to be \ery dilTicult and compica e 
With intelligent selection, howcacr, based on recorded data, he ca^ 
fa\ orably influence gene frequencies m his herd or flock He maj ne\e 
render his animals homozj gous for all the desirable genes, but he 
assurance that the ment and \aluo of his animals Mill increase mi 


increasing frequency of desirable genes , 

It IS obMOus also that selection for a rccessi\e is much more simp 
than selection for a dominant OMing to the fact that, if dommanc 
prcaails, then AA and Aa animals arc indistinguishable phenotypma y> 
Mhile the aa animals can bo recognized gcncticallj from their phono 
The Suffolk horse is a good example of this, its color, chestnut or 
being duo to a pair of reccssuc genes, this being the only color foun J 
the breed If early importers and breeders of Holstems liad clecte 
red and Mhite instead of the black-and Mhitc color pattern, they 
not have been plagued with oft colors that often lead to suspicion o 
purity of breeding of the animals producing them '\\nicn a red ca 
born m a Holstein herd, the sire and the dam are, of course, 
equally responsible, each ha\mg transmitted the reccssivo gene 
1 calf in 100 born red, the genetic make up of the breed is 81 pcf ' 


18 per cent Bb 1 per cent 65 (red) ir t on 

Just to Meed out the reds as they arc bom Mill lia\e little . 
punfying the breed for color, since 00 per cent of the b genes are hi 
in Bb animals, while only 10 per cent are \isiblo in 66 animals 
started Mith an F 2 generation that Mas 25 per cent BB, 50 per ren ' 
and 25 per cent 6b, it would take eight generations of eliminating 6 
viduals to get the proportion donn to 1 per cent 66 animals, ^ 
Mhereas to halve this amount, te, make it 1 200, would require 0 
more generations, to get it to 1 400 would require six more genera 
and to get it to 1 800 would reqmre eight more generations This s 
of mass or phenotypic selection is seen to work very slowly It can 
greatly hastened, of course by discarding any animals that have 0 ^ 

showing the undesirable recessive character and also those Mhose s 
cousins or other collateral relatives show the character, in other m or 
adding genotypic selection to the phenotypic jes 

Most of the problems and examples used to illustrate genetic princi 
involve a very few sets of alleles The student and breeder nee » 
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therefore, to remind liimsolf constantly that this is, in general, an over- 
simplification. It is known, for instance, in the pomace fly, Drosophila 
mclanogastcr, that upwards of 40 genes function in producing the wild- 
type eye color of red. If 40 of these pairs were the necessary dominant 
genes but the forty-first pair had mutated to, say, garnet, then the eyes 
would be garnet instead of red. Some of these 40-odd pairs of genes 
are located in each of the 4 pairs of chromosomes. 

In our domestic animals, thoi c seem to be 20 to 30 pairs of chromosomes 
with perhaps 100 or more genes in each chromosome. Wliat we are 
actually dealing vlth, therefore, from a practical standpoint, would seem 
to be a complex gene complex. We talk about individual genes, but 
we are actually dealing witl\ blocks or groups of genes. It may be 
possible too that in a certain gene complex, the homozygous dominant 
AA serves best, while in another perhaps Aa does, and in still another 
perhaps the homozygous recessive is best. As we have said previously, 
the breeder is attempting by selection to put together the best possible 
gene complex, to influence the proportion of desirable genes in his stock 
in a favorable manner, and he uses a variety of enteria to measure the 
value of the gone comple.xes that he has or desires to get. 

Gene frequencies for various qualities arc quite variable both in and 
between various breeds. To take an extreme example, the genes making 
for the type and temperament associated \rith speed are very scarce in 
the Pcrchcron breed of horses. Nevertheless, there are probably enough 
of them present so that marry generations of selection for these genes 
would make them sufficient in number to produce a horse of considerablo 
speed. Similarly, the genes for red color are very few in the Angus breed, 
but constant selection for them would result in changing the breed from 
black to red. And in Holstein cattle the genes for higher butterfat test 
(4 to 5 per cent) are relatively scarce, but enough of them exist so that 
selection over many generations could result in an average test for the 
breed of over 4 per cent. 

If gene A is homozygous in a breed AA, then one mating is as good 
as another. If gene B is heterozygous, Bb, then best mating is BB X BB ; 
next best, BB X Bb; and poorest, Bb X Bb. If we start with Bb X Bb, 
\\c have a ratio of IB: 16 gene. Now, if wc cull the double recessives, 
in the next generation uc have 2B:16; in the next, 3B:16, etc., according 
to the formula (n — 1)® AA:2(n — • 1) Aa:l oa. In the second genera- 
tion we cull 25 per cent as aa; in the fifth generation, 4 per cent; in the 
tenth generation, 1 per cent rrndcr the formula 100/n®, hut even here 
there still nill remain IS per cent as heterozygotes. Selection can and 
dfK's change the relative frequency of genes, but it is very slow when 
selecting for a dominant gene niid unable to fix the heterozygous con- 
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dihon as for example, the roan color m Shorthorns or the blue m Anda 


Heredity vs Environment in Selection — I he past "’“"5 

arguments betneen the hered.tanans and the 
first one and then the other haMngsecmingb the better of th g 
The debate has of late tended to bo resolved by the simple b 
reaching expedient of substituting and for vs In other wore 
a case of vshether heredity or environment is the most ^ 

arc important one just as much as the other INeithor goo g 
poor environment nor bad genes and a good t ifave 

us a profitable and satisfactory animal husbandry We 


There is still a considerable problem m Una field, not t le o 
attempting to determine which is the most important but ra * ^ 

of perfecting dovnees that wall measure the influence of the two m 
case Obviously some characters like color pattern arc large > 
tary owing to the genes Others like milk in the pad or a 
carcass are determined both by the genes and Ihcir various m e 
and by environmental factors — feed care etc much 

The breeder s task is to determine to the best of Ins ability 
of the variance in any given case is due to environment and to ma ^ 
allowance for it m practicing selection This is necessary beca 
we have already learned only the hereditary variations are capa ^ 
being passed along to an ammal s progeny If a group of ^ci 
comparison with their dams had better feed and care calved a 

advantageous season of the year were better fed while milking '' 

bred so soon after freshening etc with the result that they 

exceeded their dams production it would obviously be unfair to a 

all this excellence to their heredity Better or w orse feed w cat er^ ^ 
other environmental conditions could make a considerable diiier 
crop of lambs or pigs even though there were no appreciable ge 
differences 

At present the breeder has no practical tools for separating 
from the environmental causes of variation except his own 
applied to individual cases and his judgment unsupported by 
matenal in the form of carefully kept records is liable to be ud . 
worthy If he will keep records however and appraise them mteig® 
and fairly not letting his judgment be warped by individual h^c 
dislikes in regard to his breeding ammals he will be well on t 
to avoiding the all too-common mistake of ass gning to hercdi ^ 
rightfully belongs to environment His success or failure depends 
large extent on his ability to do just this for the simple reason 



GENERAL CONSIDERATIONS IN SELECTION 


547 


hereditary differences may be transmitted, whereas environmental ones 
apparently cannot be transmitted. 

In nature the gene complexes which would yield the best result in the 
given en'sdronment were the ones which eventually won out in the ruthless 
battle for survival and perpetuation of the species. The environment 
probably did not cause the original variations, but crossing, recombina- 
tions, crossings over, mutations, and chromosomal aberrations did. The 
germ plasm provided the base for variation and the environment acted 
as a screening agency. 

In practical animal breeding or animal production, the environment is 
of equal importance with heredity. “Half the breeding goes donm the 
throat.'* If we are going to measure differences in heredity, the environ- 
ment for different animals or groups must be as constant as possible. 
Likewise, if we attempt to measure differences in environment, we must 
do it •with animals which are as alike as possible genetically — inbred 
lines. There are many examples in animal-husbandry literature of pure- 
bred animals which have been selected to perform well under certain 
environmental conditions failing dismally when taken to some different 
environment for crossing "with native animals. IQiishin,^ for example, 
reports the failure of dairy Shorthorns to hold their o-r»Ti production for 
more than one or two lactations in Egypt and to cross successfully with 
native cattle beyond the Fi. Hairy breeds •with high inheritance for 
milk production have quite generally failed in crosses in tropical countries. 
Various admixtures of Brahman cattle Avith European beef breeds have, 
on the other hand, been successful in establishing more successful lines 
or breeds for tropical or semitropical conditions. 

Animals should be selected and tested under conditions similar to 
those in which they are to be expected to perform. If the regime is to 
be thrce-;times-a-day-milking, cattle should be tested under those con- 
ditions. Cattle which do best under a two-times regime ■Vtdll not neces- 
sarily do best under a three-time system and ■vice versa. 

Optimum conditions for performance should be provided. Two or 
more groups of animals may gain at about the same rate under limited 
feeding thus making them appear phenotypically the same. When 
placed on full feed, however, there may be marked differences in their 
ability to consume feed and to utilize it for growth. If wo expect a 
certain quality to mat\ifcst itself, we must provide the maximum oppor- 
tunity for this to happen. 

The Market and Selection. — TTio ultimate purpose for which animals 
arc bred is that of supplying the needs and do.sircs of consumers. The 

’ Khisiun, a. IZ. F., TSventy Years of Shorthorn Feeding in Egypt, Empire Jour, 
of Ezpl. Agr. Vol. 17, No. CO, 1940. 
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market pajs more for a lor\ set. blockj, well finished, and marbled steer 
than it does for an upstanding narrow animal in thin condition, because 
the former satisfits the w ants of the consumer to a greater degree llorecs 
of accepted draft tjpc and cows of tlajrj t>pc will command *'8 
prices than animals lacking these outward nppcirances, because e 
buyer feels that they arc better equipped to perform their respccne 
functions The breeder, therefore, should be a careful student of 
demands Coupled with this should be a careful scrutinizing o is 
records in order to ascertain the tjTic of animals that actually returns 
the greatest profit to the breeder, because the animal that brings e 
most money on the market is not necessarily and alwajs the one ^ 


nets the breeder the most profit 

Most breeders must make their living through selling the animals ley 
breed or the products therefrom 1 he mere fact that they have pro uce 
efficient and attractnc animals will not of itself prove profitable i ® 
market does not happen to be in the mood to bu> that particular sor o 
nmmal or product The breeder who is to get ahead must be a kee 
student of what the market demands and is apt to demand m the nes 
few years This should not, in the slightest degree be construed 
mean that breeders should follow every whim of the market and 
continually attempting to change typo Such practice can , 
nothing but chaos The successful breeder is the one who can sense 
difference between a passing whim and a permanent change The mar e 
18 not a fixed institution incapable of change For substantiation of t » 
one need but refer to pictures of accepted animal types of 20 years ag 
and to consult marl et statistics of two decades past The progressiv^ 
breeder senses each change somewhere near its beginning and shapes 
course accordingly In so doing he begins to practice selection for 
neiiv type one or a few generations before his fellow breeders and genera ^ 
reaps a financial reward for his shrew dn<»s and foresight He also o 
course runs the risk of guessing wrongly — for which he probably will 
a penalty 


What type changes m draft horses ill be expedient or necessa^ * 
view of the increasing use of tractors? What type changes would 
desirable m dairy cattle owing to the likelihood that we wall w^t ^ 
feed them an increased (or decreased) proportion of roughage? 
changing feed situation new knowledge of the functions of the endocnn 
glands in gro vth and fattening or possible adjustments in our sys ® 
o governing ourselves make somewhat different types of meat 
desirable’ Ty Cobb was a great baseball player because he had 
imagination to outguess the opposition plus the skill to carry out w 
p ans He is a great general who outguesses the enemy a great laWJ 
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who outguesses his adversary in the courtroom, a great scientist who 
outguesses “nature.” Outguessing simply means that the person had 
curiosity or imagination or vision. Por real success the livestock breeder 
needs more than a sprinkling of this ingredient. Before turning his 



l-iu 1G7 — Grand Champion Durocs sliotring how ideals of tjpc change Above, 'Wave- 
mastcr Stilts, 1031 Grand Champion; and, below. Top Set, first agetl boar. Iowa, 1047. 
(Courlesj/ of jDiiroc Record Aaaoeiatton ) 

hand to produce anything, cvci^' breeder and farmer should reflect on 
this most important of all questions, what will the market pay mo best 
to produce? Until that question has been answered, there can be no 
consistent selection. 

Breeds and Selection.—TImt there are difTercnces between our pure 
breeds of horses, cattle, sheep, and swine needs no particular elaboration 
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.t tte pomt, for they are obvrous They arose because b«Bders have 
followed somevhat different ideals ,n practicing adection over a P ^ 
of time and aero able to influence the frequencies of certain gen 

Tterme^vade differences both between breeds and 
of a given breed Breed differences may be due to the fact t 
IS generallj AA, vhereas breed 2 is generally oa Such diffcre 
actually exist, but they are not now thought to be so 
formerly Another nay in which breeds differ concerns t 
frequency of a given gene within the two breeds Breed y 
per cent A and 10 per cent a, whereas another breed may be j 
reverse The genes for high-butterfat test are much more preva en 
lerseys and Guernseys than they are in Holsteins J® «iprtion 

to selection Holstein breeders for many years based their ® 
largely on amount of milk It is i\eU knorni that there is a n 
correlation between amount of milk and its butterfat percen 
other words, m selecting for high milk, Holstein brepders su om 
rejected the genes for higher test, so that the Holstein breed now pr 
a milk w ith about 3 5 per cent butterfat, whereas Guernsey milk aver h 
about 6 per cent and Jersey milk about 5 4 per cent butterfa 
relative scarceness of the genes for higher test in Holsteins ma ® 
job of developing a 4 per cent herd very difficult If a breed 
lacked the genes for some desired character, then there w ould bo no 
recourse but to go outside the breed to get these desired genes . j,ge 

There IS nothing in the mechanism of mhentance itself that wil c 

the frequency of any gene m a breed or population If "e 
two animals that are Aa (one-half the genes A and one half, a) 
not select for gene A or gene a then after any number of genet 
and with anj sjstem of breeding, there will still be as many A 
a genes m the population It must be recognized, however, that c 
maj lead to rather large fluctuations in gene frequencies m 
populations I 

A stock phrase for man> years has been “There is no best 
though this statement is oni> true when there has been added, ° 
conditions ’ There are breeds better suited to certain conditions 
are others of the same class, because certain breeds have been 
under, and with a view to fulflUing similar conditions to the 

contemplated Some of our breeds of dairy cattle produce a mil 

Mutcsl to cheese making or the production of evaporated or pf 

milk than do others Comparable situations exist between jjc 

hor<s sheep, and swine Breed tests of various sorts arc hkeO 
V cr> mtslending Ixjcause m them it is more apt to be the particular s 
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rather than the breed as a -whole that is being tested. If enough so-calied 
“breed tests” were run, under a wide enough range of en-sdronments, no 
doubt all the breeds would get a share of the winnings. A breeder will 
find it profitable to make a study of the breeds in order to ascertain 
which one has been produced under conditions similar to his omi and has 
given the most general satisfaction therein. On the other hand, caution 
must be exercised in accepting the offerings of overenthusiastic breed 
advocates. This matter of an unbiased opinion and a thorough knowl- 
edge of the breed from its earliest inception to the last sale and sho■^^'ya^d 
■winning or loss cannot be overstressed. Such knowledge is essential 
before a pedigree in the breed can be properly evaluated. 

Each of the breeds has certain exterior trade-marks that make it 
possible to differentiate the breeds uitUout any serious likelihood of 
error. In this sense the trade-marks are an advantage. They may 
also, of course, be a disadvantage if breeders select for fancy points at 
the expense of points of utility. In sheep, one breed calls for a long, 
horizontal ear, others for short, horizontal ears, and others for an erect 
ear; some breeds demand a very hea-vy face covering of wool, others a 
moderate face covering, and still othere a clean face; some demand the 
color markings on face, ears, and lower legs to be black, others browTi, 
others gray, others white; some breeds have no horns, others horns in 
the male only, others in both sexes. 

In swine, some breeds demand erect ears, others moderately erect ears, 
others lop ears; in some the face must be greatly dished, in others moder- 
ately dished, in others straight; some are black colored with a slight 
toleration for "white, others white with a complete intoleration for black, 
others varying shades of red, and one requires a -white belt to include 
the front legs and shoulder. Tl\c dairy and beef breeds also vary in 
color, horns, face. The most acceptable colors of Percheron horses, grays 
and blacks, are not acceptable in Belgians; and the ones the Porcherons 
frown upon, chestnut, sorrel, bay, and roan, are the desired colors in 
Belgians. 

The breeds should continually scrutinize these trade-marks. Most 
of them in themselves are harmless, although some may have positive 
detriment, horns, face coverings, etc. Reasonable trade-marks should 
bo maintained, but care must be exercised at all times that “the tail 
docs not get to wagging the dog.” The principal advantage of tlic 
trade-marks is not that they have any intrinsic merit in themselves but 
that they do enhance uniformity of appearance, and their very c.xistenco 
and recognition reduces the likelihood of fraudulent or careless regis- 
tration and 60 helps to protect the purity of tlie breeds. Tl»c cxi.stencc 
of separate and distinct breeds has two verj’ important functions; ( 1 ) in 
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eneouragmg cooperative effort among m the same breed, and (2) m 

stimulating competition among the breeds selection The 

Trade-marks generally mean some co ^ j y toit because 

breeder has to get a little less score cards gener- 

ho has to get more of some breed trade-mark 

ally try to allot point scores on the basis ^ practicing 

trait considered Breeders should use ^ g no attention 

selection so as to stnke the happy medium PU^ug 

to breed trade-marks and paying them ^ much utotion 
In the choosing of a breed, one must reach u decision as « 
to select a breed already numerous and f f oeedures have 

to introduce a new and unknovrn one Both of thes P ^ 
advantages and disadvantages It a nevi breed disadvantage 

advantage of novelty and monopoly but the 'CY, jijer sources of 
of standing alone and perhaps being far removed fmm otlie 
replacement Conversely, if one chooses a ^0^ ^ \„^eis’ 
in the locality, he can have ce near at 

expononco with the breed and the opportunity of ““d^dbad 
hand for his foundation animals and later additions in g 
features of other herds in the community are more ° ..^^elves 
known as well as the integnty and dependability of the m 
With the growing trend toward the proving of sires in 
luestock, the exchange of good sires m a region m order to 
use over longer periods of time wiU probably ensue ^ \f>der to take 
of the same breed as others m the region would allow a new br ^ 

ad\ mtage of opportunities of this sort General adoption ° greatl) 
u ould also tend to create linebred herds in the district, some 
to be desired m American livestock breeding classes of 

Likewise, the trend toward artificial insemination m 
li%estock would indicate the much greater likelihood of one ® breed 
to ha%c the u’sc of better sires if he were breeding anima s i 


alreadj numerous in a region 


— j — that would 

Finally, the greater likelihood of developing a marKe 
attract outside bujers and permit the fostenng of consign^ 

IS an advantage which can grow out of a commumtj’s stic to 

breed Choosing a breed alrcodj well established m a of 

hold more advantages to the newcomer than the alternative 
choosing a breed wvth few or no breeders in the region 1 Anf^s IS called 
Individuality and Selection — ^What an mdiv idual is attd ( ^ bo 

its phcnotj'pc, so that selection based on individualitj can p tool 
calle<l phenotvpic selection This has been the most common > 
m selection, and to it can be a.scnl>cd most of the progress tna 
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made in shaping nature’s imperfect offerings into more efficient and 
desirable types. Now that the physical mechanism of inheritance is 
kno\\Ti, we can, of course, better appreciate the shortcomings of pheno- 
typic selection. Breeders used to think (and some still do) that they 
could tell from the appearance (phenotype) of an animal just how it 
would breed. The informed breeder now knows better than this. He 
knows that he may learn certain things about probable transmitting 
worth from appearances, that he can add to his knowledge from a 
pedigree which is relatively complete with phenotypes of the ancestors 
and collateral relatives and their offspring, but that actually to ascertain 
the breeding merit of any animal, he must study the animal’s offspring, 
in other words, apply the progeny-performance test. 

All these considerations are important, though there can be no question 
but that, ideally, the progeny-performance test takes first rank. A good 
individual and a good pedigree are obviously considerations of great 
importance. A deficiency in either individual or pedigree is, of course, 
to be avoided wherever possible. Selection based on individuality alone 
or on pedigree alone or both, however, will involve only temporary loss 
and setback, provided the progeny-performance test is rigorously applied. 
A thorough study of its physical make-up is essential in selecting an 
individual to go into the breeding herd. It is here that knowledge of 
anatomy and practice in judging livestock ^v^ll stand the breeder in good 
stead. There can be no question but that livestock shows are very 
influential factors in establishing type, and breeders generally would 
profit by more regular attendance at the leading livestock shows. It 
should be remarked however, that show standards for various breeds 
and judges’ interpretations of them are not necessarily infallible. As an 
instance, we need but mention face covering in certain breeds of sheep — 
demanded by show-ring standards but now thought to be anything but ^ 
advantageous from a practical production standpoint. Like other arts, 
livestock judging is more or less a gift, but it too can bo improved through 
study and practice. Tlie animals that go to make up a herd should be 
as nearly perfect as possible, but in all animals it is possible to find faults 
of various sorts. This being true, uisc selection will depend on the 
breeder’s ability to balance one fault, or several faults, against others and 
to choose the lesser of the c\'ils. 

In selecting foundation animals, it is essential that there be as mucli 
uniformity as possible in the band of females. If these are of different 
types, it will bo extremely difficult to get a sire which, when mated with 
them, \rill be able to produce a uniform tj^jo of offspring. In visiting 
herds or sales for the puri)oso of securing foundation animals, one of the 
cardinal features to be ob.ser%'ed and appraised is this matter of uni- 
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formity Umtorm.ty of a good sort is a virtue almost beyoui 
One should hesitate, i£ not entirely refrain from ^ The 

a flock or herd that endences samples of all conceivab yV 
females, besides being uniform in type, should be of good 


males, Desiaes ueuiji uimukko iu V, pa,, ^ is 

, facilitate prohflcacy and to promote efficiency The deside 
as much size as is consistent iiith quality Size, honever, 
anything else, can be oierdone If the females of any class 
are not fairlj roomy and stretchy through the middle, the most i P 
feature of all in breeding livestock, i iz , fecundity, is apt to ® 

In selecting the sire to mate ith a uniform band of gooibsize 
the cardinal point to be borne m mind is that he should offset 
that are present in the females If the females have a. en e 


xnai are piescuu m me — , 

sloping rumps, the male should be particularly strong and e 
respect, as \\ell as being a member of a family strong m t is r 


respecu, as "CU as uemti « ^ - 

if they shoi\ A\eak pasterns, he must stand well up on his toes, 

, .. XL- f i.„ i«mr>allv accept ft 


aix,e and "vugor are present m the females, one can logically accep 
more compactness and quality in the male, especially if jt 

animals In the sire, there should be evidence of masculini > , , 

should be remembered that this is often overdone at the 
quality Breed history, both good and bad, must also be 
Particularly is it essential in selecting animals of any breed o 
those mdiMduals exhibiting the common breed faults, such as r 
rumps, small teats, etc , m some of the dairy breeds, too fine 
coarse bone m some breeds of horses, undue coarseness m some 
breeds of swine, etc , through all our classes of luestock j 

Many breeders base their selection almost whollj upon m 
ity This procedure, however, is not genetically sound, for the re » 
explained earlier in this chapter, that vanation, or variance, is ca 
dominance, epistasis, and the environment, as well as by genes 
additiNcly Most expenmenls show that the latter kind of 'ft^* 
makes up only one-tenth to one-third of the total variation Ihi 
not mean that w e should make no effort to capture this t>T>e of ' 

Past horses do not alwajs beget fast offspnng, but they are more 
to than are slow horses, and bo on for other qualities m other c as^ 
livestock Phenotjqic and genotype arc not necessarily 
phenot>'po is a w orth-w hilc indicator of genotj pe Phenotv'pe is 
mined both bj genes working maaanetj ofwaysandbj 
large number of env ironmental effects Certain, but not all, gcnc c 
w lU be transmitted No environmental effects will be 'Wecanno 
tell bj inspection whether a black bovine is BB or Bh In 
it will be black, t c , these two genotj^ies belong to the black 
1 rom a breeding standpoint, however, these two animals arc veO 
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cnt, foi they belong to two different genotypes When mated to red 
cattle, the fust, BB, wili give all black offspring, vhereas the second will 
g^^ e 50 per cent black and 50 per cent red offspring This is a simple 
case, to be sure, involving only one pair of genes, but the same reasoning 
and the same oi more complicated genetic pnnciples apply to the moio 
complex characteristics, such as speed, milk production, ability to fatten, 
plus the much gieater range of environmental effects It is all right to 
demand high individual excellence in selecting breeding animals, but 
it IS all wrong to stop mth that single consideration 

Dairy-cattle breeders have, to some extent, aped the breeders of fat 
stock and horses and set up arbitrary standards of dairy type There 
IS a great difference, however, between the selection of beef cattle, for 
example, and dairy cattle In the one case we deal with tangibles and 
in the other largely with intangibles The beef ammal, male and female, 
exhibits directly the presence or absence of the desired qualities, e g , 
degree of fleshing, width of loin, fullness of round, etc With dairy 
cattle, on the other hand, there seems to be little correlation between 
type and production in the female, and, of course, the bull gives no 
milk whatsoe\er On the face of it, it would seem to be a very naive 
assumption that straightness of topline or stylish carnage, for instance, 
could have any direct bearing on the amount of milk which a cow could 
gi\c 

It IS extremely difficult to tell bj looking at a dairy cow how much 
milk she is capable of yielding Many of these so called “guessing 
contests* have been staged One was held at the New York State Fan 
m 1919 which included nine cows ranging in production from 4,454 to 
20,852 lb of milk a year, wath about a 2,000-lb interval between each 
pair Over 70,000 people guessed, no one got oier five of the cows 
properly arranged, and only 12 people did this well, one third of the 
guesses failed to ha\e even one cow in the proper place, and many 
“gucssers” picked the lowest producing cow as the highest producer 
So, if it IS hard to estimate indiiidual performance by inspection, how 
futile and hopeless appears the task of estimating transmitting abilities 
by inspection 

Indmclual selection can be practiced in terms of indii idual characters, 
groups of characters, or in terms of general ai erngc ovcelloncc In hogs 
wo might decide to cull all animals with weak pasterns or those with 
btceplj sloping nimps or those with hca\^ jowls or perhaps those with 
all three deficiencies In doing so, we might be throwing awaj manv 
genes for high fcrtihtj, for high proportion of laluablc cuts, for large 
milking abiht\, etc Likewise m keeping the good pisterms, rumps, or 
light jowls, wc might aKo be keeping low fertility, poor qimht>, I ick of 
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.b.hty to ra.sc p.gs etc It Bclectjon 

general average evcoHcncc, nc nould perhaps p 

pasterns steep rumps, and heavy Jon s cc higher than other 

good qualities to gne them an average score that ai as high 
Las uhich might eveel in some speeifie ®Ln noted aaith 

tions ean be ena isioned m all elas^s of hvestoek “ is oto » 
a beginning class m liacstoch judging that as specific heeinniog 

poTd out, each one in turn tend, to bulk too ^ to 

Ldont’smmd so that an otheraaise exeellent animal aa hi 

particular fault is dropped clear to the bottom of ‘^0 
students find it impossible to oaercomc this tendon^ P 
hvestoek judging on the part of other students is eat 

ability to balance defects or imperfections and amae at “ sou Jl J g 
based on the total average exeellenee of he ummal in each juJ^^^ 

nng The good judge sees all the good and the poor poi f h 

but makes hia placing on the basis of general balance ° ^ bis 

good breeder practicing phenotypic selection does the ® ard 

own' Little National or International’ that he holds in his o ^ 

The shortcomings or selection based on individuality c 
illustrated by calling to mind excellent individuals in fat 
or horses that have failed to transmit their own good qualities 
offspring There have probably been many animals that « 
near the top in the show nog and at the same time were 
vorse as breeders Likewise, some animals that stood lo^ 
show classes, or perhaps were never deemed worthy of shoWT g, 
proved to be excellent transmitters of desirable type 

Another more general critique of the limitation of selection 
mdividuahty is the very slow pace of the nse m jj,gbest 

cattle For many years dairymen have saved heifers from 
producing females and sons from their highest producing 
average cow now yields 5 000 lb of milk and 200 lb of butte a 
For qualities which are highly hereditary, individual selec 
simplest and most useful tool we have Its main Umitation an 
the fact that hentabihty of the commercially valuable qualities 
lively low It is a general pnnciple that the longer we can delay se 
the fewer mistakes we are likely to make If we selected tiatd 

day they were bom many mistakes would be made, if "c the® 

they are jearlmgs fewer mistakes would result, if we coulu J 
all out for 4 or 5 years and then select on the basis of 
progeny, relatn elj few mistakes need be registered So ano e 
tion of mdi\ idual selection hes m the fact that it is based on 3 o 
untested judgments 
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Pedigree and Selection. — It might perhaps seem logical to expect the 
individuality of an animal to mirror fairly exactly its transmitting ability, 
but such an expectation comes far from being 100 per cent fulfilled. 
Likewise, it might seem logical for a pedigree to predict breeding worth 
with considerable accuracy. If the expectation is built upon pedigree 
phenotypes, it will fail for the same reason that individuality fails as a 
prognosticator. Actually, the pedigree is often used not even as a group 
of phenotypes, but only as a. group of names, the estimator actually 
knowing little or nothing about the animals represented by the names. 
In such a situation pedigree study probably hurts more than it helps. 
Many new breeders, after reading nothing more basic than breed maga- 
zines for a few months, consider themselves experts at predicting future 
breeding worth of young animals after a sdance with the names in their 
pedigrees. Perhaps this partially explains the rapid rate of turnover dn 
this class of breeders. 

Pedigrees have limitations as selection indexes. The first one is 
perhaps the fact that a pedigree is a selected group of animals. In a 
hog’s pedigree, his sire may bo one of 100 sons of the paternal grandsire 
and one of 25 sons of the paternal granddam. In cattle the sire may be 
1 out of 200 sons of the paternal grandsire and 1 out of 3 or 4 sons of the 
paternal granddam. The sire in any pedigree has a whole host of possible 
paternal and maternal half brothers and sisters, uncles and aunts of 
the animal whose pedigree we arc considering and their offspring cousins 
to the pedigreed animal. The sire in any pedigree may have a lot of 
other offspring, half brothers and sisters to the animal whose pedigree we 
arc considering and their offspring nieces and nephews to the pedigreed 
aniTnai. lakcwiBc, iar Uic dam, gTam\paTantB, etc. A pedigree is a tiny, 
selected sample of a whole host of animals, the whole being the immediate 
family of the animal. If you were shou-n a picture of a first-floor door, 
two second-floor windows, and four third-floor clapboards, could you 
very accurately visualize what the whole house looked like? That's 
about how difficult it is to arrive at a reasonable judgment of the probable 
genotype of an animal from Us direct ancestors, its pedigree. 

Not only arc the direct ancestors a selected group, but the printed 
catalogue material about them is also often of n”sclccted nature. A bull 
has 40 tested daughters and the records of the top 5 are listed. A cow 
has six rccord.s and only the best one is listed. In many fat-stock 
pedigrees nothing is given except the animals' names. So pcdigree.s are 
lame as selection tools because the animals and their accompli.shraonts 
arc both selected. If one had a ImiTcl of apples of which a few were 
sound and the re.st in varying stagc.s of decay — some being completely 
rotten— one would get a distorted notion of the whole barrel if lie ba«cd 
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his judgment on someone’s p.eUng out 20 “‘'f/XViottenn'i 

thei sortmg them do,™ to 10 by .he 

uas underneath and did not shou up uhen the cho.ee 

barrel u as made „„fn1 tools m selection 

As presentlj used, pedigrees are not terj ^e^ 

Thej can be improved m a rarictj of ua> ,ndmdual, i e , 

to print all the hno,™ facts about each ammal as 

give as complete a phenotvpic picture of , J^^unts cousins, 

mclnde as many of the close relatives as f„n. an 

nieces, nephew s True, an animal gcU no i^entan i / estion 

aunt, but an aunt is 12 5 to 25 per cent related to ^e amm 

The more close relatives we can see and whose genetic 

the more reasonable judgment we can make regar i g ^^cestors’ 

worth of an untested ammal Collateral relativ cs relationship 

accomplishments can be evaluated m terms of the degree of relat 

existing in each case bracl>-et 

The earliest pedigrees were not written m the presen ^ 
form Instead, the animal’s name set an 

on the same line ^\as listed its sire (and still further , of 

breeder of the sire) Underneath the animal s name ^PP 
her dam and out to the nght of the dam was listed her sire 
breeder In other w ords, the left-hand column, as > her 

the animal, his or her dam, his or her maternal grandaam, 
maternal great-granddam, and so on, and the next npdierec« 

ga\e the sire of each of these cows The first wa> of wn i g |^pjjjatic 
therefore, ga^e just the bottom line of the pedigree In appear 

pedigree shown as Fig 108, ammals below the diagonal line w appear 
m the old-style pedigree, those abo^e the diagonal line wou general 

■We think that the old-style pedigree, properlj used, tia^^ 
ad% antages o^ er the present-daj bracket form of pedigree 
expect breeders to go back to the old stjle pedigree there is js 

since the old-style pedigree is included in the bracket stj e an> 


the bottom line) nee 

^^^lat wc mean b> using the old style pedigree properlj ^yinii 
some discussion Ixit's start ivith sire A m Fig 108 are^^^^ 

that this IS a good proied sire Since not too much can ^ ^ 

the tN-pc of a bull about how his daughters will produce or 
l>ccaucc of the shortcomings of pedigrees as production prcdic 
it makes it nccessaia that sire A be a prox cd sire if w c are rea J 
n\>out bis transmitting abilities coroe ( 

H sire A is a good proi cd sire, that means that goo<l stuff ^ tJ 

of him Now, if good stuff has come out of him, it is xcr> cc 
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good sUiff must have gone into him from his parents — if it had not gone 
into him, it could not have come out* If, on the other hand, sire A is a 
poor proved sire — poor stuff lias come out of him — then it makes no 
difference how good his pedigree seems to look (or even actually is). If 
there was good stuff in A’s pedigree, but A did not get it in the sperm 
from C and the egg from D, then A certainly cannot pass it on; he can 
only pass along sample halves of what he actually got from his parents. 
So, we repeat, let sire A be a proved sire, and whether proved good or 
proved poor, what is apparently in back of him in his pedigree cuts 
relatively little figure. 



Fia, IGS. — Schematic poJigreo Bhol^itlI; “oW-Btylo" pedigree below diagonal lino. 

(If, on the other hand, sire A is a young, unproved bull, then we have 
got to try to guess from his pedigreo as to what ho got and wc would do it 
by the method we arc describing.) 

Wo would apply the same line of reasoning to maternal grandsirc 
E (Fig. 1G8) as wo have just applied to sire A. If grandsiro E is a good 
proved sire, then what’s back of him cuts relatively little figure. 

And lilccwisc for maternal great-grandsirc M. 

In short, if sire A — grandsirc E — and great-grandsirc are good 
proved sires, then we can forget aV)OUt what's l)ack of them — the material 
above the diagonal line in Fig. IGS — and concentrate nil our ofTorts and 
study on the material below llic diagonal line. 

'nds may sound a bit rcvolutionarj', but actually it is not. Wion 
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say ttat « ske A (and 

;:o™d sne. ne can ■‘forget nha - ^ there must hare 

^getting anything U sire A is g M p he 

been good stuff m his “'“‘“'T: * L prlved good, then the goodness 
could hare gotten it But, if ^ tocether in him 'When it is 

behind him has been focused or ^ ® ,t ,s there and so 

once brought together “d Proved ^ „ean bj sajnng 

need not go behind him to ^ anc^to ^t 


need not go behind hjm to ^>3 anci^to ivh^ 

that M e can forget nhat is hA ^ n e use it where it is focused 

IS behind him m his Ped'P-^rlfw iL where it was diffused out lu bis 


We start with the dam B As +wmf» and production 

somethmgahouthowshewiU— 

records-we can l^m sometW can come oulj fro™ 

gree— but the teal proof of how she cm t records, 

Li she does transmit In f "ai Uow what Und of a 

and some offspring with ™cords ^ ‘ wfd^nded that sire A 
producer and transmitter she actually is ess 

L a good proved sire-hkewise, if we 7“ B be a good 

as possible out of breeding, we must aUo “ j daughters or 

proved cow If dam B has transuntted well to a couple ^,U 

sons (the more the better), there is a fait y go c brothers or 

continue to trausnut well to her future offspung (half or full 
sisters to those she has alreadj had) bore 

We, of course, apply the same rcasomug to ^ have more 

just applied to dam B She is older and cau 7“"’ ore, of 
offspring than dam B Grauddam Fs other offspnnfe of 

course, aunts and uncles to the offspring of dam B, and anj 
these aunts and uncles are cousins to the ofTs^ng o am 
The same Ime of reasoning applied to dam B and gran 
also appU to great-granddam ^ females on the 

The trend toward pnnting all the offspring of the 
Iwttom line of the bracket-type pedigree, together 
prwluction accompli^ihments, is to be highlj commen 
animals taken together make up the female familj , and " to 

this data, w c ha\ e a much w idcr and more secure foundation , p to 
base our judgment of probable genetic w orth than w e do w icu ^ 
base it on just dam and maternal granddam and great-gran gtrcaui 
\S c hke to think of this female bottom line of a pedigi^ as 
which flows m Fig IGS from great-granddam N to grand am 
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B, and finally to the present "Any Animal” being considered in Fig. 1C8. 
If great-granddam N is a great female liersclf, in type and production, 
and has liad several good offspring, among them granddam F, and if F 
in turn has had several good offspring, among them dam B, and if B 
has had one or some good offspring, then we can be sure that the stream 
(which is actuallj’ the female family) is a good one. 

"Now if, in addition, great-grandsire M Avas a good proved sire and 
poured into the stream the hereditary determiners for good type, high 
production, disease resistance, regularity of breeding, longevity, and the 
other good tilings which we want in our herds, and if maternal grandsire 
E and sire A did the same thing — then the good maternal stream which 
we started with in great-granddam N will have had the best possible 
chance to become enriched as it flowed dorni the generations. / 

Many breeders seem to consider all the 14 animals in a three-generation, 
bracket-type pedigree as about of equal importance and to base their 
judgment largely on the individuality (type and/or production) of those 
14 individuals. Such a procedure is good as far as it goes, but not so 
complete and efficient as it might be. 

It would be much more efficient, we think, to work with only the six 
animals concerned in a three-generation, old-type pedigree — the bottom 
line, but to get all the information available about these animals. Study 
sire A thoroughly: 

What kind of females was he bred to (production and type) ? 

What kind of offspring did he get? 

Did the offspring and dams have similar environments (feeding, etc.)? 
Has he any sons that are transmitting well? 

Has he any full or half brothers or sisters which have done well? 
Perhaps sire A has 30 daughters, 5 sons, and 30 or 40 paternal and 
maternal full or half brothers and sisters. So, instead of just studying 
sire A as an individual and learning about a^few of his offspring, we should 
study carefully and completely not only sire A himself, but some 70 or 
80 of liis offspring and close relatives. 

Wc would carry out similar studies on the other five animals — ^B, E, 

F, M, N, in Fig. 1G8. We are going to take the really functional part 
of a pedigree and study it as completely and exhaustively as possible. 
So, while wc advocate discounting to a certain extent about half the 
animals in a bracket-type pedigree (those above the diagonal line in Fig. 
168), we also advocate doubling or quadrupling the amount of study and 
thinking wo give to those making up the bottom lino of the pedigree. 

The bottom line of the pedigree — the old-style pedigree — is rc.ally the 
“Functional Part of the Pedigree.” Wlicn used intelligently, by getting 
all the relevant data possible, and in conjunction with selection for goo<l 
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transmitting its own good qualities It would be foolish to believe that 
what has occuucd cannot be lepcated The small breeder with limited 
capital may, through a proper blending of strains, produce a strain more 
beautiful and more efficient than anything yet knowm This does not 
mean that any breeder can be careless in selecting foundation stock or, 
in general, expect to got something from nothing He should, by all 
means, select from proved strains as far ns bis finances will allow, because 
the isolation interpretation explains much more logically than does the 
mass-selection interpretation the progress that has been made in the 
past AVhon an outstandingly good animal arises from mating tw o more 
or less mediocre animals, the progeny-performance test must be very 
rigidly applied 

The greatest lack m animal breeding today is the lack of records 
Until this deficiency is remedied, pedigrees will continue to be of rela- 
tively little use m enhancing the accuracy of selection Attempts at 
, remedjang this situation aie being made by some of the purebred breed 
associations by moans of records of performance but the problem is a veiy 
difficult one and a complete solution is not to be expected immediately 
Any individual breeder, however, is at liberty to set up his ow n system 
of recoid keeping at once, which greatly enhances his chance of successful 
selection in his own herd Such systems of record keeping will be indi- 
cated for each of the classes of livestock m the next three chapters 
E\en when pedigrees can be made relatively complete from the stand- 
point of records, we must leahze that we can probably neier have a 
complete knowledge of the genetic makeup of any animal, and, even 
if w e did,, w e w ould still have to face the sampling nature of the hereditaiy 
pioccss, ■which would make it uncertain A\hich member of each heterozy- 
gous pair of genes any individual actually received from its parents 
Whether we gam more than we lose by culling a certain fairly good 
indmdual because of some fault in its pedigree is an unanswerable 
question Again, as was said of judging or estimating individuality, we 
must try to strike a proper balance between individuality and pedigree 
1 he breeder’s first concern will be to select good individuals Complete 
pedigrees in terms of records of performance w ould be of inestimable 
benefit to him in deciding to keep one or another of two indnidiials of 
approximately equal merit Complete pedigrees can be of great benefit 
alfeo in arm mg it an estimate of difTcrcnt female lines w ithm a breeder s 
own herd When pedigrees can be made rclatncl^ complete m terms 
of records of performance, one will also lm\c consuleiable data on the 
collateral rclatncs of each indiMfhial, and, although it is diflicult or 
iinposMble to assign definite mimorKal \alues to records of collateral 
rclatncs llioj will ne\crthclcss l>o\crj \aluiblc in a general wa^ 
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age that their oiin performance j;”;„J“,“h,di arc notiial y 

must bo exercised that "^^^i^Tateritancc m cither the 

environmentally caused be not (or the fact that the 

offspnng or the parents ■f'"'’;' „ somenhat selected group 
females to which a male is bred are ^ oven though 

It can thus happen that a breeder can b' ^ ,oaer than their 
the total oftspnag of each of a senes of "-f „ of n sampling 

dams We must not forget that the ^ to make rcasoa- 

- nature, and no, therefore, Mill '"““^Vralds ^ 

ably sure that we have a fair sample of any male ^^^„ost 

Even with the above limitations, progeny testing .^.^ont indi- 

tools available to the breeder It ““f * the^ ne "°®°' 

vidual and pedigree selcction-not to totally o^jots of the 

times advocated The simplest type of P^’S'^y to 1 '^* 

average record or merit of a sires odspnng ^ooh 

two males are bred are an average of the breed as a t^o 

progeny records can be used to measure the breeding ^^^sdernbly 
males concerned If, however the mates of one ™n'e 
above breed average, those ot the other considerab y » 

direct comparisons >\ ould not be justified „ „opf! most 

- Among the farm mammals, progeny testing has bee 
[dairy cattle, a little with swine, and is just beginning to 
* other classes In dairy catUe, progeny testing has eventuat 
s> stems of indexing bulls for their level of transmitting , can be 

of milk and butterfat percentage The system genera y 
illustrated by the follow mg example Suppose a bull is re 
whose average production is 7,000 lb of 3 8 per cen mi ' ^^^jjably 
daughters by this sire average 9,000 lb of 4 0 per cent mi 
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this bull has raised the production of liis daughters by 2,000 lb. of milk 
and 0.2 per cent of butterfat. Because these qualities are apparently 
controlled b}" multiple genes, ive assume that the sire and dam are 
jointly and equally responsible for the .production of their daughters, 
in other words, that the daughters' production falls halfway between 
the two parental levels. Knowing the leverof production of the cows 
and their daughters enables us to estimate the transmitting level of the 
bull. 



Pounds 

Butterfat 

percentage 


: 7,000 

1 9,000 

1 11,000 

3.8 


1 4,0 

Bull’s index 

4.2 


It is obvious that before such figuring is justified, the records of both 
dams and daughters must be corrected to some standard basis. This 
is accomplished by means of various and sundry conversion factors. ' It 
is tacitly assumed that if the bull were sold to another breeder whoso 
herd production also averaged 7,000 lb. of 3.8 per cent milk, the resulting 
daughters would also average 9,000 lb. of 4.0 per cent milk. This might 
or might not be the case, depending on many things but especially on 
the genetic make-up of the animals involved. Many different gene 
combinations might conceivably result in a production of 7,000 lb. of 
3.8 per cent milk. ‘Wlicthcr t}u.s proved bull would “nick” equally well, 
better, or worse in the second herd could only be ascertained by trying. 

The U.S. Dep.artmcnt of Agriculture Bureau of Dairy Indu.stry provr.s 
bulls on the ba.s\s of 5 daughtcr-<lam comparisons. Some invo.stigators 
urge at least 0 comparisons, others 8 or 10. Obviously the error n'iJl bo 
cut down as more daughter-dam comparisons are added, because the 
extreme variates will liavc a tendency to cancel each otlier, thus giving 
a truer average. If a breeder can successfully .standardize his rccord.s — 
smoolli out the environmental dijTcrciice.s — and will te.st the first 0, S, 
or 10 daughters as they arc born in his herd without anj' selection, he 
will get about as good a genetic picture of Ins bull as he would witli 30 
or *10 daughters. 

Attempts arc now being made to work out comparable and pracliral 
systems <if imlexing mnle.s in the other classes of farm livestock. Wlieu 
available, such infonnation should :dd greatly in taking some of the 
“guess” out of l)re<'<ling. And, even thougii most males cannot pracli- 
cully Ikj indexeti until after they tire dead, the information can apjKxir 
in jssligitH's, which makt's them of miirh greater vjdue. 

Ihohahly the grt‘aU**'t iwlvantage to the brtxsler from jjrc^geny testing 
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outn eigh a breeder s fanej for some particular pot Actualb , 

If one .3 not goinR to use the records he is simply .f 

getting them Progeny testing must be ba=cd on ' ,4 

carefully compiled and intelligently and, on occasion, ruthless y 
can be the surest guide that a breeder can bar c 

Mass or phenotypic selection nas practiced eith P™'^ ” ,^,3 

Agncultural Eapenraent Station beginning m the year ,^uced 

time until 1907, only those females acre used as breeders th P 
at least 160 eggs in their first year, only males nhose ™ jj,e 

least 200 eggs in their first year Under this system of 
yearly egg production decreased stcadil> The point to be , . ^ 
I that mass selection faded to mercasc production >■> 
material involved IVhether this result nas duo entirely to the Dr 
system involved or in part due to unsuspected envnronmenta 

v\e do not know ui frartinlps were 

After 1907, the system of selection was changed All ^ 
now selected from high producing mothers, the female pMgeny o ^ 
were all high producers, and m case such a female failed 
producing progeny the first year, she was not retained m the 
flock Males were selected from high producing 
progeny were all high producers and a male was discarded imrn 
if his progeny failed to be high producers Pedigrees w ere also ^ 

proper attention was given to the blending of blood lines * 
system in vogue the production increased stcadilj from 1908 o 
Mass selection alone in any given case might or might not yie su 
ful results In order to reduce the chance of failure, progeny 
needs also to be invoked Certainly much of our livestock impwv 
has come about through the intensive use often involving m 
of animals which have demonstrated their breeding w orth throug 
progeny , , ^ge 

Family and Selection — ^The term family is used to cover ^ ^lutOj 

of relationship In taxonomic classification it occurs m the senes p 

class order, family genus, species Such family members nee g 
slightly related and only so m relation to very distant common ances ^ 
The opposite of this is found in poultry where a family often mea 
set of full sibs In animal breeding the term family can mean 
descendants of w ell known sires or coiv s and hav mg but slight re a 
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ship Or again it may mean a fairly closely related group of animals 
Imebred to a certain ammal Finally, the term family can mean the 
two- or three-generation scries of offspring and descendants from a 
foundation female, cou family, sou family, etc 

Up to nou selection has been practiced preponderantly on an individual 
basis In order to make selection moie effective, its base nou badly 
needs to be widened This means tliat familj selection, in the last- 
named sense, needs to be added to individual selection In doing this, 
we must necessanly compromise to some evtent Whether to select an 
excellent indi\ndual from a relatively pool family or a relatively poorer 
individual from an excellent family poses many problems Ideally, of 
course a\c would select excellent individuals from excellent female 
families 

If we go back two generations on the bottom line of a pedigree, othei 
offspring of this female (maternal granddam) are aunts and uncles of 
the animal being considered and their offspring arc cousins Other off- 
spring of the first-generation female (dam) are full or half brothers and 
sisters, and their offspring arc nieces and nephews The whole group 
makes up the female family, and the average ment of the group should 
be considered m selection with relative weight being assessed according 
to degree of closeness of relationship, half cousins, full cousins 
uncles and aunts, nieces and nepheus half brothers and sisters, 
and full brothers and sisters, H 

The breeder s mam problem is that of recognizing favorable variations 
among his animals and assigning them to their proper source and cause, 
so that he may lay plans to capture, perpetuate and increase them 
This IS an intricate problem at best, and m small herds or flocks it must 
be accomplished with rather incflicicnt tools Ihcrc arc mnnj pitfalls 
along the w ay 

In small herds or flocks using one male at a time, the ofTspnng for a 
jear or two will all be b> this sire There will bo differences in these 
offspring which arc likelj to be attnbuled to their dams or female families 
Since the mah s m ii^o are far from hoino2>gous, m in\ of lliC'C djffcrrnci s 
«hould probiblj be attnbutwl to them, but which ones or hou much of 
tho'-c obseracsl, it is impos-siblc to hij 

Iho aanation l>etwecn families is made up of the addiliMl^ geiutic, 
the tUMronmont il and genetic horls winch arc Minilar among members 
of thi same fnmil\ l>iit different between families and the rindom 
( n\iroumenl d In large families where the mt mbers art do th relates!, 
the euMrommiital and non iddi(i\e gtm tic ^anatlonH arc umall lx luien 
families and tl« genetic mmilnntics among fnmilN meinWrs exu'od their 
plunoUpic ‘•imdantns, familj M.Icttiontan be mo^t effective 
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We think it advisable for every breeder to chart his ? 

respective female families. This is rrot a diir.cult task and general^ 

'"Sr," “ . «• 

to make out a little card for each female, shouuuR the an 
the top, her date of birth, her sire and dam. ^^len . 5 

made out for all the females that have existed m a^rd ^ limals on 
10 , 15. or 20 years, they should ho sorted, puttinR the oldest anima 
the top of the pile and the younK females bom last week dou 
bottom of the pile, ^’cxt secure some larfic sheets of paper, 

2 ft. or more ^vide and a foot or more in depth,^ Urfre sheet 

the oldest female in the middle at the left-hand side of the /p . 
and her daughter just at the right of her name, with the daugme - 
above her own name. That card can then be dispensed with. J- ’ ’ 
look down through the pile of cards and see if there arc any other ° ^ 
from this old female. If so, they can go in the column to the ngn 
the foundation female and a straight line can connect dams and . 

In this way, the female family will build up across the page, ® ‘ 

^Yith the old foundation animal and showing her daughters, gra 
daughters, great-granddaughters, and so on, in columns as ve roo\ 
the right across the page. This whole array is a female family. ® 
guarantee that no matter how well a breeder knows his herd, ® , 

learn many things he didn’t know by working the herd up into its e 
families. Some families are better producers than others; some 
are more regular breeders than others; some families are longer 
some families are better type, and so on. Qualities do run in ami 1 » 
as we all know in a general way. What the breeder must learn m ^ 
specific way is the nature of the things running in his female fami je 
Only in this way can his selection be placed on a sounder basis. 

Production, Type, and Show Ring in Selection. — Production is genera 
thought to be closely associated with type, which in turn is determin 
by the market as well as by show-ring standards. W^th meat anima , 
type is measured by the relative proportions between hams, legs, ro * 
loins, ribs, bellies, and shoulders, as well as their proportion to the ^ 
valuable portions of the carcass. Type, in other words, in these c 
is production, and to a certain degree it is evident to the eye be 
slaughter and is evidenced by both sexes. In horses, certain types ^ 
build have been found by experience to be better suited for certain 
performances than arc others, although temperament is also of gr®® 
importance. In dairy cattle, there is somewhat less correspon enc ^ 
between external appearance and production, for the latter is due large } 
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to the physiological functioning and coordination of organs and glands 
located internally 

An investigation by Govcn of the Maine Agricultural Experiment 
Station IS of interest in this regard Figure 169 shows the relative 
efficiency of even shoit records as indicators of yearly production as 
compared with the total score of the animal and the score in several 
respects commonly beheved to be indicators of productive capacity ^ 

Pausing to consider bnefly these facts, we see that a seven-day test might be 
considered as an objectne test, whereas the value of the points of conformation 
arc a subjective test for the cow’s producmg ability That is, the seven-day 


CONFORMATION IN RELATION TO 365 -DAY MILK YI^D 
FOay and 365 Day Test (Some Test) | 

7Doyand365Day Test 
Total Score BBH 

Milk Veins 

Size and Quality of Udder HHB 

Size of Rear Udder HH 

Body Shape and Paunch Six BHI 

General Appearance 1HI 

Thighs Flat and mi Cut Out ■ 

Rump Length 

I lo 100 — The length of the black bnra indicates tlio relative value of the difTerent points 
ns tnensurcs of milk producing caimcit> (After Go\cc7\) 


test IS Simply dependent on the rending of the sc ilcs that weigh the milk, whereas 
the use of a scale of points to judge a cow for milk jield depends, not on anj 
external scale, but on the mental procc^sca or mental abihtj of the judge so to 
balance his cuts as to show the true worth of the cow Prom this it follows that 
the conformation of the cow as a measure of milk jicid would m all probibiht> 
be subject to the personal bias of the judge 
This IS, in fact, shown to be the cose in sludj of the records There are nine- 
teen men, all well-trimed duuymcn, who ha\e judged enough cattle with milk 
jield to make a tc^t of their abihtj us judges of these tows for milk jiold Jsino 
of these mtn clcirlj could jiulgc diirj cattle hj the score curd and sehet the 
l>ctter nnlkors On a eedt nuiging from 1 to 0 ami 0 to —1 (corrcl ition sc do) 
these men aaned from the most ncturitc judge of milk jacld from tlu eonforma- 


• (hjwrs, J W , Ib jKirt of Pn^grefts on \mmsl Uu'dMiidrj ln\i«lig ition, Mmne 
\ir fxiM /)/» tJul Q'r) Sr-RS 
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Oon of 0 OU to ft. least aeouraft jadKO of -0 00? The »s erase aMd> of th« 

meiiis0 24(i,orthcj arc, on the as er>EC, about 2o percent better j ^ 

cattle tor m,lk production than the aaeraee trained dairymen <-‘«caUle for 
men are good cattle judges E,uall> eleartj sorne men -""f ”“dual 

milk production b> the U5G of the ecoroenrd fcuch being theca ’ 

man ii-iU do ivell before he selects cattle bj their conformation “'>>”0 “> 
sufficient test to conaance himself that be is one of tliose gifted me 

* On the'ofter hand, almost anyoae eaa areigb milk No personal 

need be present m recording the weights Such being the case, ^ 'en 

obtainable the dairjman or bujer \\oul<l do ■^^cU to consider t e 
carcfullj in selectmg daitj cons as indicated bj the figures abo%e 


Table 3G ahona the production b> classified groups for several br^ds 
of dairy cattle on a percentage basis calling “ EvccIIent 100 
It IS evident from Table 30 that the higher sconng com s m all the 
breeds are the more producti\c ones l^oMe^c^, there are enough g 
type, loM -producing cows and poor-tj^pc high producing cons jn 
breeds so that the actual mathematical correlation between Ut® ^ 
production is usually rather low— of the order of about 0 2 
that selecting for good !>!>© w ould not necc««anl> gi\ e us high ' 

and selecting for high production w ould not neccssaril> gi\ e us good 
If we want both we must ’^lect for both and that means iic . j, 
some compromising, taking less of one m order to get more of the o c 


Table 36 — BoTTERfAT Paooccnos Ateraoes or CiASsmED DintT 

Terms or Percentages — 


ClassiScation 

groups 

1 VjTaliire 

Brovn 1 
' Swiss ’ 

Guem8e^ | 

Ilolstem 

1 

Jer?e> 

' 4^er3ge 

1 of all 

Excellent 

100 0 

100 0 1 

100 0 

1 

1 100 0 

100 0 

100 0 

\ ery good 

[ 91 8 ■ 

89 6 j 

92 4 

92 2 1 

9o 2 1 


Good plus 

1 87 1 

81 3 

86 3 

90 5 

92 7 


Good 

1 83 2 

7o 7 

84 4 

8o 4 

89 8 


Fair 

1 SO 2 


82 5 

81 1 

86 9 



Correlation studies between and production in clasi^es of 

stock other than dairj cattle ha\e not been numerous As would 
e^qiected, a fairl> high correlation has been shown between weight an 
draft pow er m horses In meat animals type presumabb is producticm 
though many factors are concerned in the question as to whether 
best type of animal mil net the feeder the greatest profit, among t ® 
most important of which are the imtial coat the rate of gain and t e 
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efficiency of feed conversion. That there are considerable differences 
among animals in their ability to convert feed into flesh is well knoum, 
but there seems to be no evidence that this is associated -with any specific 
type, of characteristics. 

The show ring has undoubtedly had a major place in shaping the type 
of all the classes of livestock. The first American show was held at 
Pittsfield, Mass., in 1810, and since that time many thousands of animals 
have passed before the judges’ eyes. As now constituted, our livestock 
shows have both advantages and disadvantages from the standpoint of 
breed improvement. 

Among the disadvantages are the following: (1) a possible lack of high 
correlation between showyard winning and efficiency of lifetime pro- 
duction; (2) a lack of opportunity to measure the transmitting abilities 
of the winning animals, except in a very limited manner through the 
“get of sire" and “produce of dam“ classes; (3) the fact that “fitting" 
for the show ring often demands so great a departure from their “natural “ 
condition by laying on great stores of fat (which often results in temporary 
or permanent sterility), removing a goodly portion of the wool in blocking, 
etc’.; (4) the practice of remedying defects by surgical means; (5) the 
keeping of animals from productive work or from reproduction in order 
to enhance their likelihood of winning in the show ring; (G) the fact that 
clever fitting and showmanship can cover up weaknesses of various sorts; 

(7) the fact that commercialized show herds making a circuit of shows 
tends to discourage or prevent smaller local breeders from showing; 

(8) the fact that the offspring of top show winners arc apt to be sought 
as sires more or less regardless of their own or their winning parents’ 
actual genetic merit. 

Yet in spite of these limitations, the show ring is the bc.st medium 
yet discovered for molding brcctl type. This is probably its greatest 
advantage, but it has otiicrs, among tlicm; (J) It brings breeders together 
for exchange of ideas and experiences; (2) it serves as the best advertising 
medium for both the breed and the individual breeder; (3) in a limited 
way at lca.sl it helps in discovering and popularizing tlic better genetic 
materials in the various breeds. 

TIic show ring would be of greater service ns an adjunct to brcc<ling 
and selection (1) if it did not demand ovorfitting; (2) if the judges in 
dl castes gav(* orally their rca.^on.s for their plncings; (3) if in flic 
of meat animals the animals could !»c slaughtcrtsl for carcass and cutout- 
values; (1) if in horses a jniUing and behavior tot could Iw invokivl, 
.altlunigii it is re;ilir.<H! that we want » steady all-<luy tmclive exertion 
of 1.^*0 lb. rather than one of l.oPOlb. for 1 or 2 numites; (.">) if more weiglit 
eon!*! Ijc given to the older brr«*«!iiig animals' aelu.ai nreomplishrnents 
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mmd and since tlie Ineeder la in.creatcl pnranr Ij m p 
prodnCen these too nnglca need constant acmtm.t ng and for 
interests of all eonccrneil should Im brought ’'OP^ that 

Sometimes men u astc time and effort m selecting f 
IS supposed to be posituclj correlated uitli P™''>c‘" 
example of this uas perhaps the old escutcheon the o, 
some men thought they could foretell the milk yield “f /'“'O ‘ J 

means of the liair pattern found on the 7, 

It has net or been possible to prove the slightest conne ,„g 

these two things uhich m the light of c”"'"'™ "°„’s hack a 

Some men think that a slight hump m the middle of a co i 
notch at the tail setting or a hoav, shoulder cte eorecI»ted_^__^^ 
high production Selection based on all such things ns tlics 
the mark by a very vi ido margin , ,, 

Ferhhty and Health m Selection— I nrher chapters of ^ 

devoted to fertility and sterility Since with most classes o 
usefulness and profitableness depend so largely on the numl) ^ 

as quality of ollspnng produced this is n matter 'J , a,„g 

breeder s close attention m selection In the piirchaso of mat 
animals one should ascertaiir their actual breeding history 
questionable or deficient one would m general be much better o 
buy In the purchase of mature males semen tests wnll rev ^ 
likelihood of fertility though they cannot guarantee it m any P 


instance must 

In the purchase of young animals with no breeding historj, 

rely on the performance m this regard of its close ancestors an co 

relatives Rate of fertility is in the final analysis control e 
genes working through the endocrine glands and the genitalia 
course is greatly influenced by em ironmental conditions o one 
for twin foals few for twin calves In sheep a certain 
twins IS desirable and m swme we want moderately good size i 
One should select therefore in a naturally fertile strain bu 
extremes The size of the immediate litter in which a boar 
been bom is of some consequence but the fertility of the strain or 
* Such a proposal has been formulated by \S W Swett and It. It Graves o 
Bureau of Dairy Industry and is published as t/ iS Dept Agr Aftee Pub -lO” 
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IS of great importance Males in the other classes of livestock should 
selected fiom fertile families and from dams that vere regular breeder^ 
throughout their lifetime 

Much "uork has been done in plants in breeding up disease-iesistant 
strains In animals, there is httle comparable to this as yet, but there is 
evidence that some strains of animals are more resistant to certain 
diseases and other troubles than are others, and in some instances at 
least this appears to have a defimte genetic basis Card and Roberta 
have reported e\penmental evidence that seems to prove that “resistance 
and susceptibility to infection by Salmonella pullorum (in poultry) are 
due, at least in part, to the evistence of dominant hereditary factors “ 
Lambert, Speelman, and Osborn^ have reported consideiable differences 
in resistance to encephalomyelitis among the different breeds of horses 
at the U S Range Livestock Expenment Station as Miles City, Mont 
In nature, disease susceptibility tends to be self-limiting, for the veak 
strains are not apt to leave so numerous a progeny as are the more 
resistant strains In man this iveeding out of the unfit and their bad 
genes is interfered i\ith through hospitalization and the marvelous 
accomplishments of the medical profession We are making beginnings 
along this line in our animals by means of vaccines and other prc\ entives 
Whether or not this is a v iser scheme than breeding and selecting animals 
^Mth a natural immunity because of their genetic make-up, the future 
must determine Some diseases have no doubt been conquered by 
genetic means, others, like bovine tuberculosis, ^\e have practically 
conquered by destroying animals that reacted to the test, others, like 
hog cholera, a\c have learned to live ^\lth through the help of vaccines 
Jfuman and animai! discuses must 6c controffed or conquered if man is 
to persist on this planet, and perhaps there is no one best method for 
use m all cases Since it is difficult if not impossible to make monej 
from diseased animals, the mtcHigcnt breeder should use all the means 
at his disposal for securing naturally fertile, healthy, vigorous, and 
resist int animals and avoid at anj cost the introduction of disease itself 
or subccptibilitj to nnj disease into lus herd or flock 

In this categorj also, \\c might call attention to certain known lethals 
in livestock, such as “bulldog” cahea, deft palate m pigs, skeletal d( feels 

^ I viinrirr, \\ Y , Srrri man, S K., nnd Omiomn, 1 11 , DitTm nn h jn Itindr'iirr 
of 1 net phutomjohlis m Horses, Jour J/rmt , 30(8)^10 352, 103*1 

Boo also UlnsTin, I, T, Hc-r((]it> m Infectious Jour Ifrrol , 30(‘0 

3l)5-370, 103*1, fiowi s, J \\ , Contributinns of Gcih ties to Lmli of tniunl 

Dt-'toftso, Jour Hrrtil , 2S(7)"233 2f0, 1037, Murphj, J M , rf a! , Compsriwui of 
tlin lnei<lrnro of LiMer InfiTtion and Miuititis m Two Cow 1 nimlies, Comrtt t ft 
\<\ 31 No 3 Juh, |‘H1 
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.n lambs, and closed colon m foals These 

snecific Ecnes In selection, some attention should be pai 

and everj eSort made to avoid their calves in 

Although m no sense a disease, such charactcnstic d 

Holstems or Angus, bay color m Percherons, ’’8“ ^bred stand- 
black skin spots m Chester Wes, etc are f™” ^ records 

point undesirable and should be guarded often fairlj 

and pedigrees as much as possible, although such thing 

successfully covered up The same may be said for 

that detracts from an animal's quahtj as a member otj.tanan 

Although many of these things are inconsequential from a 

standpoint, they are of consequence from of their 

breed Only fertile, healthy, vigorous ammals that are typ ‘ ^ 

breed in aU respects should be admitted to one's mvn group of pure 
Averages and Selechon.-Since the envyonment ortant 

important role in the actual productivity of any ammal it ^ j,on 
that the breeder give the matter some attention in making his 
of breeding ammals In dairy cattle, for instance, age, len^h o 
pregnant, season of freshemng, number of times milked, gen 
through the lactation penod, etc , may have very importan 
on the actual amount of milk a cow produces in any given 
In order to compensate for these environmental influences, co 
factore have been devised The only two that are wndelj us 
for age at freshening and number of dajs or number of times 
From the standpoint of genetics or breeding, the onlj differenc 
which the breeder is concerned are those having a genetic 
must attempt, therefore, to smooth out the environments i 
by correction factors or otherwise in order to make the es, 

his animats comparable Similarlj, the growth rates of ^ ality 

the number of pigs that a sow bears and raises the amount and qu 
of w ool produced bj sheep ma> be greatly influenced by the env 
One of the best and easiest ways of compensating for these 
mental influences is through the use of production av erages - ^ ^ 

might make 500 lb of fat one year, 600 another, and 400 another 
likely that her level of inheritance for butterfat production 
the 500-lb lev el than to the COO- or 400-lb level In all quali Jes ^ 
are v anable and that may be expressed on more than one 
average of several measurements will prove safer and more a 

than anj one measuring W ith several opportunities to express a c 

quality, the high and the low expressions are Iikelj to cancel each ° 
though they will not necessarily do this For s^cty’s sake, 
the a\ erage of man) records of production or measurement should 
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be applied to breeding animals in order, in so far as possible, to eliminate 
the influence of extremely good or bad environmental conditions. Along 
with the records that^every breeder should keep must go the ability to 
judge and evaluate fairly a host of environmental conditions which play 
upon the lives and producing capacities of his animals. Only -svith this 
technique or art well developed will the breeder be able to arrive at 
the point where he can evaluate actual genetic differences on which, of 
course, the entire success of his effort as a livestock breeder depends. 

Balance and Selection. — We have already discussed a number of 
general items that should be borne in mind in selecting breeding animals, 
although wc have by no means exhausted the list. Additional items null 
be presented in the tliree following chapters as they apply specifically to 
certain classes of farm mammals. One further matter of a general nature 
should be mentioned at this point, viz., that of always keeping in mind 
a general balance sheet between all the items which it may bo the purpose 
of the breeder to attempt to incorporate into the genetic pool of Ins 
own herd or flock. It is generally very easy to be a radical, to go to 
extremes, and very difficult to stick to the middle of the road or to find 
the happy medium. 

Por e.xample, in selecting the breeding animals, it would be easy to 
go to extremes in draft horses and attain great weight and power at the 
expense of movability; or, in fast horses, to attain great speed at the 
expense of such a high-strung, nervous organization as to make per- 
formance either in racing or reproducing difficult of attainment; in dairy 
cattle, to attain tremendous producing powers at the expense of regularity 
of reproduction over a long lifetime; in meat animals, to attain great 
ability to fatten at the e.xpensc of reproduction or, conversely, to attain 
groat reproductive powers (twins in cattle, triplets or quadruplets in 
sheep, litters of 20 or 25 young in hogs) at the expense of vigor and 
general ability to yield a desirable carcass in a short period of time. 

Tlic good judge of livestock is a man who is able to balance success- 
fully tlio defects of one animal against those of another. Likewise, tlic 
good livestock brcccicr is the one whose selection jields him a proper 
balance in his animals of all the various and sundrj- qualities they must 
possess if they are going to be profitable, 

Wc all realize that it would be verj' much more simple to select for 
only one quality at a time and, when wo had that thoroughly incorporated 
into our herd or flock, to start on the next item. The drawbaclc to sncli 
a scheme is the f.act that, while wc arc getting the one desirnhlc quality 
wo want e.stablihho(l in oiir herfl or flock, wo may also bo getting one 
or several very unde.virablo things cstahlishrsl also, providetl wc are 
practicing no selection against them. For example, we might select for 
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nothing but high milk e Vtadly pendXut” nd 

would not be A\ orth this price „of r^poncile oursehes 

From a practical standpoint therefore, rre must reconc 
to the task of generally selecting for *’“’'5“ to stnke 

against several things at the same ‘me “n<l ® j in several 

a happy medium, a balance between the best and the w 

The Items that hinder selection most are M LTo be 

In the male it is the inability to test out enough tp to 20 

sure of getting one of the better ones Probably not 
per cent of the male offspnng of sires are ever used in 
an infinitesimal portion of these are properly and 

heavy service Most breeders pick males on the basis of type a 
pedigree and hope Probably many of the best males may 
ammala are never used for breeding 4„roo\er 

The mam impediment to selection in females is the g 

among these animals If a con is m a herd for 4 years (until s 
years old) she mil drop 2 heifer calves and we must keep one oi 
to replace her — n e do not have much choice The choice may e ^ 
AMder m enes and sons but not much so If ne could have our ° ^ 
among 10 or 15 females to replace each one that goes out n e cou 
to have more rapid improvement provided our cntena for se 
n ere sound With our present rapid tumo\ er among fema es 
range of selection is possible Anything a breeder can do to on er 
rate of turnover in his herd will be of immediate benefit economic 


and of ultimately great benefit genetically i 4 n of 

Summary — e ha\ e seen in this chapter that intelligent selec lO 
breeding animals presents a great variety of problems The main p 
of selection is to increase our stock of desirable genes and to 

our stock of undesirable ones Since ne cannot examine the genes 

scl\ cs our onlj recourse is to estimate them by studying indi\’i 
pedigree and progenj In addition to the difficulty of not being 
to read the labels on the genes directlj there are the further comphea lo 
due to dominance cpistasis and probably other unknonm 
between the genes as well as those caused by the enMronment 
efTcctne our selection must be on the basis of xanation cau 
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genes, since environmental variations so far as is Imoivn aie in no sense 

^The brLder must fiist study his probable market and produce nhat 
the market is anxious to buy He must then select the breed of ammds 
that uill best fulfill his oun peculiar market demands His '“'■ividu 
selections must be guided by individuality, po 8™, an P™ JL , 
formance He must select for the type of animal that mil most 
serve the production needs of his market over a long life ^ 

a type set^t is to be hoped, by the shou nng He must ‘‘bove a I else 
select fertile, healthy, vigorous individuals from strains 
similar qualifies, and he must base his selection on lugh “ 

produchon rather than on the basis of single, exceptional 
Llection, the key to animal breeding, is a ^ ° ™ 

weigh properly all the factors involved ,s far from casj , 
of such weighings a breeder's ultimate success depends as on no other 

one consideration 
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CHAPTEK XXI 

SELECTION IN DAIRY CATTLE 

"We have noa finished our delineation of the pnnciples underlying the 
irnprovsmeEt of animals In this and the t^^o follo^^lng chapters 
must get doun to practical cases and indicate how the pnnciples 
actually be applied We will cover many phases of practical selec ion, 
though we cannot, of course, cover all of them m all of their possi e 
permutations and combinations Each choice of males or females, eac ^ 
mating, each herd, each breed presents special problems Only ® 
person on the spot at the moment can supply the best answer, make o 
most nearly correct selection, and then only if he imderstands the basi^ 
principles involved and has good judgment and a reasonable arooun 
experience We will start these practical chapters with a considera lo 
of selection m dairy cattle . 

Dairy cattle arc found on about 75 to 80 per cent of the farms in 
United States, and their products account for about 15 per cent of ® 
total farm income Of the 25 million dairy cattle m the United Sta es 
only about 5 per cent arc purebred and registered, the remainder bei B 
80 per cent grades and 15 per cent nondescripts The average pro* 
duction of all dairy cattle is estimated to be about 5,000 lb of milk a year 
Dairying is thus seen to be one of the most important phases of aniw 
husbandry and one greatly m need of improvement as far as the mac i^^ 
cry of production, the individual cow, is concerned Dairying JS 
special importance near the large centers of population , 

In one respect, selection of dairy cattle is somew hat easier than w i 
other classes of farm mammals, for a measure of a cow ’s producing abi i 3 
in terms of milk and butterfat maj be secured over her w hole product)' ® 
life We can thus hax e tangible evidence of her average j early lactation 
>oeld as well as that of her female offspnng, though such actual 
are available on only 4 to 5 per cent of our dairy ammals In anol c 
respect dairj -cattle selection is more difficult than in other h' estoc 
classes, since it is difficult, if not impossible, to estimate from the exteno 
form what the internal functioning will yield in terms of milk and butter 
fat In this class of livestock, too, the male cannot cvndencc the qnn i ) 
for which the species is kept, te the bull jnelds no milk, so that n 
genetic qualitj can onl> be measured through the performance o 
oHspnng male and female Selection is further complicated in 
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cattle by the fact that breeders desire their animals to evidence the 
approved dairy type in addition to being high and profitable producers, 
and the tv o things are not highly correlated 

Genetically, we are faced vnth the very serious problem that milk 
production is the end result of a long chain of events caused by manifold 
and complex physiological functionings, vhich probably me^ that 
many genes and many kinds of gene interactions are involved What v e 
are trying to do, therefore, is to ascertain the genetic causes of veiy 
complicated physiological processes in a species v hich has many chromo- 
somes and few offspring With 30 pairs of chromosomes, 2» gametic 
recombinations of paternal and maternal chromosomes are possible and 
3“ possible zygotes (to say nothing of dominance and epistatic effects, 
crossing over, mutations, and chromosomal aberrations), and at best ve 
can have only a few score or hundreds of daughters of a bull and three 
or four or five daughters of a cow We may get a few landmarks but 
the details of the genetic picture are quite likely to be blurred and the 


V hole seeming picture turn out to be a mirage 

Another obstacle militating against the effectiveness of selection in 
dairy cattle is the fact that neither type nor production are completely 
heritable Tor example. Lush, Norton, and Arnold (1941), in a study 
of the effects vhioh selection of dams may have on sire indexes, report 
hentability figures of 28 per cent for fat and 33 per cent for milk based 
on Iowa D H I A records and from Holstein H I R data figiiies of 25 
per cent for fat v hen based on the first lactation and 30 per cent vhen 
based on the second lactation Lush and Straus (1042) found a value 
of 17 per cent for hentability of butterfat production in dairy cattle 
They also cite Ward’s figure of about 25 per cent as revealed by liis 
study of Nev Zealand cattle And likcniso, in dairy-cattlo tjpe Tjlcr 
and Hyatt (1948) report a figure of about 30 per cent for hentability of 

typo ratings bet^veen parent and offspring in d'liry catto . , 

The fact that type and production arc not completely hentablc docs 
not mean that ve should not select from bcst-tjpe and highest producing 
COM s Wo must of course do this MTiat the rclatn el> lov hentabilitj 
figures mean is that individual looks and performance must be augmented 
bj as many otlicr favorable indications as can be secured from perform- 
ance of an animal s close rclatircs and the performance of its offspring 
In addition to all the above handicaps, the env ironment can plaj mean 
tniks on us and lead us sstrij Milk production is a hlghlj clastic 
affair, essilj inffucnced bj men, monex, materials, feeding fussing 

fertilizing health and general hocus-pocus as veil as hi rtshlx rinallj, 

the cov ,S forced to lire, produce and reproduce under conditions a t rj 
far remoxed from xilint might be called natund ones 
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In sp,te of the difficulties, enormoiis progress has 
mg both the tjpe and the productiveness of our dairy ^ 

havenopicturesofthegeneraUypeofcou thatoursavag^ 

or nomadic ancestors tended, but it seems certain that it vro^ 
nothing but dension or a laugh if exhibited in a modem shou nng 
earliest cows produced enough milk ‘““P nourish them calves to 
3 months, a few hundred pounds at the outade, vvhereim J 
of D H I A cons average over 8,000 lb of milk Jearlj, “ 
production b> a single cow stands close to 42,000 lb of mdk m ^ 
Progress has been made, and breedem have made it for the tj^^^ 
with the presently considered clumsj tool of a belief mth 
that “like begets like,” or phenotj-p.c selection 

find this tool useful, but it can be sbarpened considerably bj ^ 

records of performance on the part of collateral relatnes, as 
ancestors and progenj , , 

A hunt for supenor germ plasm in dair> cattle wbs i^itutea j 
B ureau of Dairy Industry m 1936 In all, a total of 1,097 . 

dairy cattle ts ere sun, e> ed that bad continuous records for a long e 
period to ha^e pro\ed at least two sires on the basis of companng 
daughters’ and their mates’ records Of the'e, 708 herds loca ^ 

40 states and including seven breeds had complete enough da a . 

included m the summarj , of which 157 herds w ere deemed to e 
progress, the other 551 not The 17 foundation cows, 
a^e^lgc number, m the 157 herds averaged 447 lb of fat, the 62 ave ^ 
additions to the'^ herds a\ eraged 498 lb giving a cumulativ e av erag 
487 lb of butterfat The remaining 551 herds bad an average o 
foundation cows with records averaging 433 lb of fat, the 40 a ^ 
av eraged 431 lb of fat with a cumulative average of 431 lb ^ 

4,309 sires were used in the 708 herds, and 2 242 of them could be 
through fi\e or more daughter-dam companions About 32 per ^ 
of these bulls raised production of their daughters over their di > ^ 
per cent held it , and 48 per cent low ered it The a\ erage herd repo ^ ^ 
on fcuc sires, which left a total of 39 daughters whose 
451 lb of butterfat, while their dams had averaged 452 Ib A 
had made fairlj steadj progress, a few had steadilj gone denkm ^ 
production, most had had ups and downs A few samples of t is 
i-hown m Table 37 , 

W hen it 13 recallcki that the above figures are for the better dairj o 
one can well imagine wliat the total storj on all dairj herds m the m 

Stateswouldbe Ingeneral it would appear that we have been b 

a\crige tows to atorage bulls and we can, of cour=c, evpect 
avtngc ofT-pnng Better means of di«cnminating between our o 
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Table 37. — Case Histories of Breeding from Bureatt of Dairt Industry in 
Terms of Yearly Buti-erfat Averages 



Herd A 



Herd D 

Foundation cows 

318 

372 

327 

435 

Daughters of Ist sire 

369 

36G 

377 

373 

Daughters of 2d sire 

40S 

3C3 

421 

336 

Daughters of 3d airo 

495 

1 374 

346 

291 


female lineSj and sharper tools for use in the selection of males arc badly 
needed. 

The most important item in the dairy business is the individual coiv. 
If she is healthy, a good producer, long-lived, and able to transmit her 
good qualities to numerous. offspring, then there is a firm foundation for 
the multitude of activities that must result before milk, butter, chccsc, or 
ice cream appear on the consumer’s table. If, on the other hand, the 
individual cow is not healthy, not a good producer, not long-lived, and 
worse still, probably capable of transmitting tliesc poor qualities to her 
offspring, then the whole of the dairy industry rests on a very insecure 
foundation, It is dear, therefore, that dnirjTncn cannot devote too 
much time and thought to the matter of getting better cows into their 
dairy herds. 

Selection Goals in Dairy Cattle. — Breeders of dair}' cattle want tlieir 
herds to exhibit many qualities of which the following is a partial list: 
production, test, cfiicicncy, persistency, longevity, disease resistance, 
regularity of breeding, good disposition, easy milking, good type, tnicness 
to breed standards, etc. It should be obvious that, with so many things 
clamoring for attention, con.sidcrnble compromising is botind to ensue. 
It would not bo so bad if wc had easily a^iplicd ohjeetivo xnensuremonts 
for all these wantetl things, but for many of them, all wc can have is a 
subjective judgment, an opinion which may he right or may be wrong 
and may be variable. Many things in our al>ove list can be ineasureil 
objectively, but only over a periwi of years, yet wc must sdwt from 
some of our cows while they arc young. Our above list couM jicrbaps b(* 
Rroupcsl under two headings: (1) phvMral individunlily ortyiw, (2) jihys- 
iologica) individuality, which adds up to production and rcproJuction. 

Dalr>’ Type and Selection. — Dairy ty|w lias Inon more or of n 
moot subject for a long time. In fat stock tyjK! is priKluction to a con- 
^^'.h‘raUo cvlcnl. In hogs, for cxoinph*. a long dis-p b«sly (hnn and rib 
chops niul bacon), wdUnc.dn'd front nn«l nnr cmis (riiouldcr. Initt. and 
hrun), with sinrHithin'^s *|indity. and nonwiv'tcfnlju'^s indjcalf-s liinvtly 
to the eye that the live primal cut* make up n cnnojdrrfddt* jHurion ibc 
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production IS not nearly so h g ,^i,cn successful, it pays very good 

selection picture or dairy cattle probably as regards pro- 

dividends possibly as raga P means o 

duction, certainly a, regards aalcs mcra ^yP^^ husbandry 

evaluating animals, having “PP™, ^ f„-off days the bovine u as 

u-ntings of nearly 2.000 years ago In th<^ be veil 

used primarily as a draught anim , ^ broad, high shoulders, 

made, sound, deep-bodied, "'«' j’ “ _ gjod hoofs, and a 
a unde, deep body, good mmp. aho^. ^a-ght 6^^®^ have 

smooth, soft hide Included uilh P° ^„,„ral have dark 

some beanng on poiier, at.pulat.o^ that to an^ 

horns, hairy ears, flat nose, blac mua > ^,„ht be described as 

and preferably be black in af oa-pom^ uhich migb^ 
fancy rather than strictly utilitanan continue to 

iv.thout It. It IS not surpnsmg that dairy-cattle score 
carry aesthetic as iiell as utilitanan requirements 30 

So presently used score card for d-'I' and body 
points to general appearance, 40 P®'"^® impossible to 

capacity, and 30 points to mammary sy and 

quarrel Mith the latter tuo divisions uhich ,,hieh sboii 

quality of body and udder Many statistics a pjoductivo and 

that the larger cosis uithin a breed arc to measure, 

prohtable than are the smaller ones Quality is m angular type 

but experience has shown that generally, cow ' ^,,liich, 

of moderate sired bone, of thin hide, ='"'1 “SeveTopment of 

milked out, are soft and yielding, thus indicating no (.ontrasting 

connective tissue, are higher milkers than those ua ..^.called “type ' 
attributes But, rrhether one pays any attention to 
m practicing selection, or not, he 13 probably going . and 

are lean m the neck, shoulder, and thigh, deep and go_ ue 

flank, and carrying a capociow* mammary system of ntg 3 justified 

repeat, that these 70 points on the present score card are 
and are probably used by all progressive dairy-cattle bree e 

The only possible score-card argument then boils down tjjat 

of the 30 points for general appearance These 30 points ^^cepted 

the animal conform, within certain limits, to the genera body, 

breed standards and that its bead and lean neck, its capa ^tber, 
and its large, quality udder, show some decent relationship o ® , l^gs 

and that the body be earned on fairlj straight ^ _ guough 

which (follow mg Abraham Lincoln’s stipulation) are at leas o 
to reach to the ground 
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It appears, then, that the critics of “type” make much ado about 
nothing. True, how pretty a cow^s face is (and judgments "would differ 
as they seem to do in our orvn species), how straight her back, how level 
her rump, how pretty her legs, probably have little to do with how 
productive she is. But, both “dirt farmer” and “real breeder” know 



tbo.v must have size and quality of bwly and udder for high production, 
and with the udder strongly attached— not sagging to u itliiii a feu inches 
of the ground and being kicked like a football at cvciy .step. The bodily 
essentials for milk production we alt agree on— some “practical” men 
will take them no matter how poorly they are joinctl together, just ns 
long as they are still in one piece— the "breeder” wants the same things, 
but wants'them blemhsl togi-lher into a symmetrical whole Xow it 
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.wa be ob.o«s unt tUo .an 

p^operiy blended hae a ^es appeal as nell 

Ins efforts alien successful, both in ban .uov , , 

as to some estent in production that “dairy type” 

Some people apparently base the ast, and that 

M as conceu ed in one or a fen minds sometime ,p,,c exact 

selection for this ty pe gradually led to gradually 

opposite IS probably the ^^"arptt excess feed mto 

brought “dairi tjT)C into being, * » nnturallv lean and 

milk rather than into fat on their backs a , of a dairj 

angular It is certain, therefore that the ‘"f p^Jllucer or not 
con is an indication of nhether the anima \\ nlthin limits, a 

Type is not an infallible guide to production,^ , ^^^atly), 

so^nd guide Since “hkc tends to beget hke n type, and 

can get some idea of hon an animal ryll the probable 

n e should eontmue to use individuality m try mg t select 

transimttmg abilities of our breeding females oroducing cons 

heifers (and bulls) from their best-ty^ and high P M 
Typo and production of daughters of these bes production 

equal or exceed the dams— the correlation be neen y proce- 

of dams and daughters is not perfeet-but nhat no got from 
dure IS certainly cU orth ha\ mg correlation 

There are tuo biological reasons uhj there is not a pen 
betAseen type and production of daughters and dams 
is that inheritance is a halving and sampling process 
likely to get some good and some poor most of 

parent In some eggs (or sperm) the sample half may 
the good hereditary units and a feu of the poor ones, or m , , gg are 
ones and a few of the good ones Many varying oi'O 

possible So our “best” cows do not always tran^i y ^^gpj^ng 
excellencies and can and do transmit differently to their van 
— the very nature of the hereditary process makes it almo ^^^j^gjation 
this will be so The other biological reason for the o" must ha'® 
between dams and daughters is the fact that each daug rVhentance 
another parent (a bull), and he too transmits samples o is i ^ reasons 
— some better, some worse In addition to these tw o bio V^^g and 
for lack of complete type and production correlation between 
daughters, there are also the environmental differences in e 
management, which may lead to rather extreme differences 
dams and their daughters . gjj gize 

There is a decided relation, as numerous statistics show , b® ' 
and producing capacity m dairy cattle Other things being eQ ' 
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big cow produces more and returns more over feed cost than does the 
little cow in any breed or in grade animals. Again, this is not to say 
that all big cows are good producers and all small cows poor producers. 
Our experience contradicts such a statement, but it is true that we will 
more often find high production in big dairy cows than we will in small 



ones. Therefore, good size for the breed or grade is a point to bo kept 
in mind in the selection of replacements. 

Included in size is the matter of length, depth, and n-idth of body. 
The animals should be deep from the top of the withers to the floor of 
the chest, should be comparatively wide through the chest region, shoii d 
bo deeper through the rear than through the forcflank. The ribs should 


688 BBECDJ60 AVD /1/BBOl LVF^T 01 FARM AN/VAB? 

leave the backbone at as much of a nght angle - 

bctucen Such conformation gives ample room ‘>'C ^echani™ 
heart, and lungs, and gcnerallj mdieites the proper hodil mecli 
for the consumption and digestion »'• „ualit> 

Another important consideration as to tjpc is that 
By this IS meant the form of the catcmal characteris ics, 
the probable ahilitj and uillingncss of the animal to ^ he 

large amounts of feed beyond her maintenance fat 

ability also to convert this feed into milk rather *>■“"’ ^ jhey 

These characteristics arc evident to the practiced eye, jhem 

may have been dended by those A\ho like to scoff at j pe , l^jjg 

are a clean cut face, prominent, bright eye, ^udc, strong 
lean neck, thinness and fineness o\cr the withers, through 

nbs, length, ^Mdth, and leanness through the rump, lea of 

the thighs, fineness of hair and of bone, and thinness and m 

hide These charactensticsgencrallj accompany the hig , f j^ot 

and can be accepted as marks indicative of good dai^ pro 
as ^\e have stated above, m an infallible sense but bj and 1 g 
iviU hold true , . f ^ider 

The third item, m addition to size and dairy quahtj, is , 

quality and capacity The udder is the uorkmg portion ° 
cow It should be large It should be attached ^\cll up broken 
hmd legs and i\ell forward on the underline It should no -vguld 
away and pendulous and it should have a le\ el sole The u ® _ 

be of good quality, t e , when milked out, it should be soft an J jjjch 
indicating the presence of enough but no excess, connectii^ issue 
does not, of course, aid milk secretion The udder of a hig P^° ^ g 

cow is generally well supplied with veins that are evident to 
The udder should show as little cleft between the right an e 
as possible and no cleft between the front and rear quarters as ' 
from the side There should be four teats of uniform size place 
the four corners of the udder though not ideally exactly at the co 
The blood, carrying food matenals to the udder, flow s from 
rear along the upper portion of the cow and then descends down 
the udder and flows back to the heart through veins known as e 
tetns These veins pass fon\ard from the udder on the jegs 

should disappear through the body wall somewhere near the 
These veins should be la^e and generally tortuous If large a 
tuous this can generally be taken as indicating a good 
through the udder The general type of the dairy cow should m ‘ 
strength together with quality The ammals should be of good size 
show no coarseness The practiced eye of the dairyman catches 
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indication of femininity and quality in a dairy cow. There should be 
evidence of strength throughout, as indicated by a relatively straight 
topline, width and depth of chest, straightness and strength of legs 
when viewed either from the side or the rear. The dairy cow is a hard- 
working animal, and, if she is to perform her work over a long period 
of time, she must be of a rugged, strong constitution. At the same time, 
she must show femininity, quality, and animation. 

Good-type animals are more likely to have good-type offspring than 
are poor-type animals. For this reason, and even though the correlation 
is considerably less than 1.0, it will pay to select from our better type 
individuals. Figure 172 shows the type distribution of 5,610 daughters 
of classified cows in one of our dairy breeds. 
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Pia. 172 — Distribution of classificO dauRhlers from classified dams. 


E\cc]]cnt cows do not beget only excellent daughters; poor cows do not 
beget only poor daughters. However, wc arc more likely to get good- 
type offspring from the three upper cla«;sificntion types than from the 
lower three. Tlie correlation is not high (about 0.2) but it is positive. 
From a study of 3,738 paternal sisters and of 1,G01 cows out of chussilied 
dams, Tyler and Hyatt arrived at the conclusion that the hcritnbility of 
type wa.s about 30 per cent; t.r., timt offspring inherit abotit one-thinl 
the buperiority or inferiority of the parents* type. If we had tlio avcrngc- 
lypc score of both the male and female parents, the correlation would 
probably be higher. 

Most of our dnirj'-brcH'd associations now provide for tyjxi el{Ls.sincn(innK 
for their hnwlers. Some of the l)reeils print the typ#w of iho nuimn} 
classified. Such iuformnlion is valuable, but it le,aves a lot to Ik* dc'-Insl. 
NN’licn the rt'conl shows a certain eow to l>eG-4-, uc do not know wlieiJier 
“he was oft in general ni)|H*anmce, iKsIy eafiacity, dairx' quality, or 
maininarj* s\>.(pni, or how* iniicli in each. When all a bnll’H d.'iUKhtcrs 
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placement, or something else \Vp are inclined to 

The danger ^Mth type classification IS twofold l^caroj^ 

assume ue arc getting more information than is act > 

iiant to knoii lihat kind of daughters a certain b. U had no 

data on any printed page will Bulislitutc equa y should study 

daughters at first hand, and to round out the ' {,,„ jato 

their dams as uell (2) The “il not use any 

superficially Some breeders take the stand that tli > „st 

bull whose dam has not classified as caccllcnt “ ' happens the 

the dam of a bull elassifying •‘Eacellcnt’ but if, as often happens 
inforenee is that the bull's daughters will be of superior yp ( 
his dam was “Exeellenf'), arc must hasten to object The o y P 
way to use classification data as a selection tool is > 
average of all of a bull s daughters with the average of tlio dams 
daughters If a bull was bred to eons which ^ ,,as 

type and his daughters averaged 85 per cent, you know that tn ^ 

a good transmitter of type, but even so you should „ge 

lot more about the details than this general over-all t> po of score a 

Still another drawback to type is that animals f ^ti?n t^i J get 

different days and in various stages of lactation We nna ygrage 
a truer judgment of a cow s genotype for production 
of several records than from any one by itself The same 
probably hold for type mo Avrshires 

A recent study by Hyatt, Tyler, and Conklin (1949) ^ 

classified several times (6, 12, 18, 24+ months) showed ^ ^j^^ed 1 
classified the same as cows as they had as heifers, 51 per cen 
grade 38 per cent varied 2 grades and C per cent vaned 3 gra es 
of this variation w as due to type changes in animals, especia ^ 
in feet and legs and udders part was due to the fact that there "w 
official classifiers who worked on the project with no doubt some 
ences among judges and in the same judge on different days 

The correlation between the average of the several ratings of each 0 40 

first calving and the first and second ratings after calving were 0 ^ggatioo 
respectively With improvements in and standardization of c 
methods particularly for heifers the classification program may become 

'llTiTT G Jh Tyi,f» \V J andCoxiti.iH C T Tlio 
Type Ratings of Ayrshire Females as Young Heifers and as Cows Jou^ 

32 ( 4).380 1949 
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in helping breeders to cull the poorest type individuals from their herds at an 
early ago. 

Since dairy type has sales value (more for some breeders than for 
others), is partially correlated with production and perhaps with longev- 
ity, and is up to one-third heritable, it should icceivc attention from 
dairy-cattle breeders in their selection plans and on a family ns veil as 
indi\ddual basis. An animal which herself scores 95 per cent, but whose 
parents, grandparents, uncles, aunts, cousins, half brothers and sisters, 
and nieces and nephews average 80 per cent is not likely to be as good a 
transmitter of t 3 "pe as one which herself scores 85 per cent and whose 
close relatives also average 85 per cent. The breeder will be recompensed 
for selecting from good-type animals, especially if the latter arc members 
of good-type fivmiUcs, 
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Tia. 173 — Olworvatlonal and fitted curves ftliouinc tlio relation of flOa-doj* millc >ie!d 
to nRc for Hol"trin-Vfu*^«an cattle The olwrvntional curve reprcv*nt»Ml In small 
clrrlPH. Tl»o ernooth cur^o shown the fittetl loKaritlunir rur%o for rnillc jieltl. (fVom 
f/oicrn, Stmiut »n .MiJi Srcrtticn. Me. Aor. Krpt. i>la. Rrport, ItUO) 


Shoiikl a brcetler j?.'!}' attention to t^'pe in his selection of biiJls? TJjo 
anstxer is yes— perhaps unfortunately ho. If ho keeps poor-type luills 
and U''es tlicir pictures in illustrated advertising, Ins farm will be nvoidetl 
as a source of breeding stock. 

There is little correlation between the U'pt* of u bull and the ty;>c of liis 
get — there i*» no known correlation lictwi'en the lyj>e of a hull and the 
prtuhn'tion of his get. If a bull hiln^elf is of gotnl ly}>e ami his <!ir«*et 
am*e*'tors ami collatcnil relnlivt^ an' aho ami he is mates! to *^typy'* 
cows from *'typ3*” families, he jimticiblj' will sin* good-type ofTrpring, 
ami <hej‘ lio ^e^ for mon’ than tho^ of poor ly|>e. 

Jm N't ting for e\ci*v'i\tly giwxl in d'urj' hulls ha« prolevhly retanhsl 

inrrr wsl pr»sluetit«n to n ^onxidemhle drgns'. It xliouM l>e < noogli to 
hmr our bull- um r.age or l>4 Iti r in tyt»e Tt>o murh aittmion to tyjv 
mshes us tienproMiiHe prij^lurlion We <lo ijo» fnvor ^«Jertio» fo*- 
pn*luf*t5‘ei alone ami p’^jing no aitmtiutj to tji’**. nor do we fa^or 
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.o.ec.,« fo. tH.o alone »na ™ ^ 

rcasonnUo Vulancc muel be eought and pnmanly 

Producuon and SelecUon -S.ncc dn.r> tattle "fo man W P 

for the purpose of ccnvort.nB “mlutl.on bulks large 

mto mdk and buttorfat .1 .s not '’'^'“^‘'ri„Bh records 

m most solecbon schemes lor da.o 'Vo^„MO 00^0001 hentablc, 

have advertising and sales value, thej are 10 to 30 or 1 P 

and since many studies hav c show n that the return selection 

steadily upward v ith increasinB production, the matter 

mainly on production would seem to bo justified fnctiial data 

animal breeding still gropes m the dark beeause of a >» 

on individual accomplishments may be Msualized thro B 1 

m the class where it is easiest to get objec ivc records name > 

cattle only about 4 per cent of cows enrolled arc in D 1 

together with cows on All test make the tested P'f „ore 

6 per cent Tor mote rapid progress in animal breed ng 

tactual data on which to base our judgment in needs 

come awfully hard and what wo get is likely to serve „f 

move than it docs genetic ones Before the individua .je basis 

COW a can be most useful they must be placed on Bomo co p 

by means of conversion factors „„„tinuc to 

Conversion Factors— It is a fact that most cows wd ff^hen 
produce more milk and butterfat ycarl> from the timo t icy , 
as two-year olds up to the age of bik to eight years and a 
the amount of butterfat and milk will gradually decline m am , 
this reason age conversion factors for amount of milk have cc 
generally from the average production of many thousands ° ancing 
various ages Butterfat test generally drops slightly wi o- 
age (increasing production) but the change is so slight that we g 
do not attempt to apply conversion factors to butterfat per cen 
The age-conversion factors for amount of milk are probab y in 
growth or weight-conversion factors The decline m the 
factors from two to six to seven years of age corresponds to an i 
m size toward full maturity the nse m the size of the factors r 
to seven years of age on is probably due to some general g ant 

with advancing age plus the likelihood of udder injuries "Wlia w 

IS a measure of the cow s productive ability at her prime nec 
compensated for in youth or old age m 

Various sets of age- and times-milked conversion factors are 
the accompanying tables These tables show what cows do 
average as they increase m age or in times milked They are s ^ 
therefore for converting groups of daughters and dams recor 
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Table 38 — General Conversion Factors 
To convert a 3G5-daj record to a 305-day basts multiplj bj 0 85 

To convert a 305-daj record to a 3C5-day basis multiply by 1 17 

To convert a 4-tiines-a da> milking to 3-timea a day milkmg multiply by 0 88 

To con\ert a 4-tinies a day milking to 2-time8 a-day milkmg multiply by 0 74 

To convert a 3-timcs a day milkmg to 4 times a day milkmg multipIj by 1 13 

To convert a 3-times a day millong to 2-times a day milking multiply by 0 83 

To convert a 2 times a-daj milking to 3-times a day miUang multiply by 1 20 

To convert a 2-timcs a-day milking to 4-times a-day milking multiply by 1 35 

To convert 2 milkings per daj for 305 da> s to 3 milkings per day for 365 days add 40 % 
To convert 3 milkmgs per day for 365 days to 2 milkings per day for 305 dajs 
subtract 30 % 


T VHLB 39 — ^Age com'ERSioN Factors D H I A Data U S D A 


Age 

Ayrshire, 

Guernsey, 

Jersey 

Brown Swiss, 
Miikmg 
Shorthorn 

Holstcm 

Mixed average 
of Ayrshire, 
Guernsey, Jersey, 
and Holstem 

1-6 

1 343 

1 713 

1 516 

1 429 

2-0 

1 202 

1 538 

1 377 

1 319 

2-6 

1 195 

1 400 

2 275 

1 235 

3-0 

1 141 

1 286 

1 203 

1 172 

3-6 

1 099 

1 196 

1 131 

1 115 

4-0 

1 003 

1 136 

1 077 

1 070 

4-0 

1 037 

1 088 

1 035 

1 036 

5-0 

1 020 

1 0o2 

1 017 

1 018 

5-6 

1 008 

1 028 

1 OOG 

1 007 

6-0 

1 000 

1 012 

1 000 

1 000 

0-6 

1 000 

1 006 

1 000 

1 000 

7-0 

I 000 

I 000 . 

1 OOG 

1 003 

7-6 

1 OOG 

1 000 

1 012 

1 009 

8-0 

1 012 

1 000 

1 018 

1 015 

8-6 

1 018 

1 000 

1 1 036 

1 027 

9-0 

1 024 

1 000 

1 1 OW 

1 039 

9-6 

1 035 

1 012 

1 072 

1 053 

10-0 

1 047 

1 030 

1 090 

1 06S 

10-6 

1 0G4 

1 048 

1 111 

1 089 

11-0 

1 082 

1 072 

1 138 

1 110 

11-G 

I 100 1 

1 090 

1 1C2 

1 131 

12-0 

1 112 ' 

1 114 

1 102 

1 152 

12-6 

1 124 

1 132 

1 222 

1 173 

13-0 

1 13G 

1 144 

1 252 

1 194 

13-0 

1 148 

1 15G 

1 282 

1 215 

IW) 

1 IGO 

1 IGS 

1 300 

1 233 

11-G 

1 172 

1 174 

1 330 

1 251 

15-0 

1 184 

1 1«0 

1 3i8 

1 2G0 

15-r 

1 103 

1 180 

1 3CG 

1 279 

JG-O 

1 100 

1 192 

I 378 

1 2SS 
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TABtB 40-FAcrroHB roB R■;»uc^o P»ooumov llrconus to a Twice-adit 
MiLKINQ Ba819 


Is umber of 
da} a milked 

3 times 
daily 

4 times 
daily 

&-15 

0 0903 

0 9831 

0-25 

0 0839 

0 0721 

20-35 

0 0770 

0 0014 

30-45 

0 0713 

0 0509 

40-55 

0 0052 

0 9400 

60-05 

0 0391 

0 0300 

60-75 

0 0531 

0 0203 

70-85 

0 0172 

0 9111 

80-93 

0 0114 

0 0017 

00-105 

0 0350 

0 8925 

100-115 

0 0209 

0 8834 

110-125 

0 9242 

0 8740 

126-135 

i 0 0187 

0 8659 

130-145 

1 0 0132 

0 8573 

140-155 1 

0 9077 

0 8400 

150-165 

0 0024 

0 8403 

160-175 

0 8971 

0 8323 

170-185 

0 8918 

0 8249 

186-105 

0 8866 

0 8171 

100-205 

0 8815 

0 8090 

200-215 

0 8704 

0 8021 

216-220 

0 8714 

0 7848 

226-235 

0 8605 

0 7876 

230-245 

0 8616 

0 7806 

246-255 

0 8567 

0 7736 

256-265 

0 85«) 

0 7668 

260-275 

0 8172 

0 7001 

270-285 

0 &42d 

0 7536 

286-295 

0 8379 

0 7471 

290-30O 

0 8333 

0 7407 


standard basis as is necessary in indexing sires — they iH not necessan > 
work m individual cases 

The ViTiter has proposed the set of factors shown in Table 
converting Guernsey AR records to a standard 3X, 365, mature 
Some AK. records are for numbers of milkings other than Cl • 

915 or 1 095 Conversion factors to take care of this are showTi m ^ 
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Table 41. — Age akd Class Conversion Factors for Guernsey AR Records 


Age 

365 day 3X 
1,095 M 

305 day 3 X 
915 M 

365 day 2X 
730 M 

305 day 2X 
610 M 

Jr. 2 

1.26 

1.47* 

1.51t 

1.76t 

Sr. 2 

1.21 

1.42 

1.45 

1.69 

Jr. 3 

1.16 

1.3G 

1.39 

1.62 

Sr. 3 

1.11 

1.30 

1.33 

1.55 

Jr. 4 

1.08 

1.26 

1.30 

1.51 

Sr. 4 

1.04 

1.22 

1.25 

1.46 

Jr. 5 

1.02 

1.19 

1.22 

1.43 

Sr. 5 

1.01 

1.18 

1.21 

1.41 

Jr. 6 

1.00 

1.17 

1.20 

1.40 . 

Sr. 6 

1.00 

1.17 

1.20 

1.40 

Jr. 7 

1.00 

1.17 

1.20 

1.40 

Sr. 7 

1.00 

1.17 

1.20 

1.40 

Jr. 8 

1.01 

1.18 

1.21 

• 1.41 

Sr. 8 

1.02 

1.19 

1.22 

1.43 

Jr. 9 

1.03 

1.20 

1.23 

1.44 

Sr. 9 

1.04 

1.22 

1.25 

1.46 

Jr. 10 

1.05 

1.23 

1.26 

1.47 

Sr. 10 

1.06 

1.24 

1.27 

1.48 

Jr. 11 

1.07 

1.25 

1.28 

1.60 

Sr, 11 

1.08 

1.26 

1.30 

1.61 

•Jr. 12 

1.09 

1.27 

1.31 

1.63 

Sr. 12 

1.10 

1.29 

1.32 

1.64 

Jr. 13 

1.11 

1.30 

1.33 

1.55 

Sr. 13 

1.13 

1.32 

1.3G 

1.58 

Jr. 14 

1.14 

1.33 

1.37 

1.00 

Sr. 14 

1.15 

1.34 

1.38 

1.01 

Jr. 15 

I.IG 

1.36 

1.39 

1.62 


• Column 2 tlmr* 1.17. 
t Column 2 times 1.20, 
i Column 2 times 1.40. 

42, and it would bo unneccssarj' to have these conversion factors if all 
records were reported as either of 305 or 3C5 days duration. 

Finally in Tables 45 and 40 arc to be found factors which will put 
records of any sort onto a 305, 2X, mature basis. 

A\lmt we are interested in is a cow’s ability to convert feed into food 
efiiciontly and over a long lifetime. Since the fat per cent between 
broed.s varies and nl.'so the fat per cent among cows in the same breed, 
Gaines and Davidson have suggested a mctliwl for converting milk of 
any te.st to a given stnnd.ard ^per cent of Fat Corrected Milk. 'J’lic 
standard most generally u.<cd is that of 4 per cent F.C.M. (Fat Correctetl 
Milk). The factors for this arc 0.4 time.*? total milk + 15 time.H lota! 
butterfat. 
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Table 42 -Faciobs ron I•^cnEAB.^n Paktial 3X Rrcoiins to LvnBr 3X,303 avd 


305-tlay rocoriU j 

365^0} rccoi 

rda 

No of milkmga 

factor A 

'>>o of milkings 

factor 

GIO-CIS 

1 200 

730-735 

1 200 

61&-G25 

1 188 

736-745 


626-635 

1 181 

746-755 


036-6-15 

1 173 

756-V65 

1 177 

646-655 

1 165 

7«M>'775 

1 171 

656-605 

1 158 

776-685 

1 165 

666-675 

1 151 

786-795 


676-685 

1 144 

796-805 

1 153 

686-695 

1 137 

806-815 


696-705 

1 130 

816-825 

1 141 

706-715 

1 123 

826-835 

1 135 

716-725 

1 116 

836-845 

1 129 

726-735 

1 109 

846-855 

1 123 

736-745 

1 102 

856-805 

1 117 

746-755 

i 1 096 

806-875 

1 112 

756-705 1 

1 089 

876-885 

1 106 

766-775 

1 083 1 

886-895 

1 100 

776-785 

1 076 

896-905 

1 095 

786-795 

1 070 

900-915 

1 089 

796-805 

1 064 

916-925 

1 084 

806-815 

1 058 

926-935 

1 079 

816-825 

1 052 

936-945 

1 073 

826-835 

1 046 

946-955 

1 068 

836-845 

1 040 

956-905 

1 063 

846-855 

1 034 

966-975 

1 058 

856-865 

1 028 

976-985 

1 053 

866-875 

1 022 

980-995 

1 048 

976-885 

1 017 

996-1,005 

1 043 

886-895 

1 011 

1,006-1,015 

1 038 

896-905 

1 005 

1,016-1 ,025 

1 033 

906-915 

1 000 

1 ,026-1 ,035 

1 028 



1,036-1 ,045 

I 023 



1,046-1,055 

1 018 



1 ,056-1 ,065 

1 014 



1,066-1,075 

1 009 



1 ,076-1 ,085 

1 005 



1 ,086-1 ,005 

1 000 





?TT 





4— Factobs roB CoiipcTXNG Incomplete Records to a 305-dat Basis 
By ^Kiay Penods Ayralure Data 


•ajs 

Factor 

Dajs 

Factor 

Da>s 

Factor 

Daj-s 

Factor 


3S 76 

80 

2 81 

1&> 

1 61 

230 

1 19 

1-7 

29 18 

85 

2 66 

160 

1 36 

23o 

1 17 


16 58 

90 

2 53 

165 

1 53 

240 

1 16 

15 

11 99 


2 41 

170 

1 49 

245 

1 14 


8 00 

100 

2 31 

175 

1 46 

2o0 

1 13 

25 

6 98 

105 

2 22 

180 

1 43 

2o5 

1 12 


5 98 

no 

2 12 

185 

1 40 

260 

1 10 

3o 

5 31 

115 

2 04 

100 

1 37 

265 

1 09 


4 74 

120 

1 98 

19o 

1 35 

270 

1 07 

45 

4 29 

125 

1 91 

200 

1 32 

275 

1 06 

SO 

3 93 

130 

1 85 

205 

1 29 

280 

1 04 

55 

3 62 

133 

1 80 

210 

1 27 

285 

1 04 


3 37 

140 

1 75 

215 

1 25 

290 

1 03 

C5 

3 16 

145 

1 70 

220 

1 23 

295 

1 02 

75 

2 90 

150 

1 65 

225 

1 21 

300 

1 01 


iivould be impossible to determine supenont> between a coir iihicb 
:20,0001b of 3 per cent milk and COO Jb of butterfat and one hich 
! 14,000 lb of 5 per cent milk and 700 lb of butterfat Applying 
.bo\e factors, bo^\e^er, gives us (20,000 X 0 4) 8,000 + (000 X 15) 

) » 17,000 lb of 4 per cent F Q M for the first animal and (14,000 
4) 5,000 + (700 X 15) 10,500 » 10,100 lb of 4 per cent F C M for 
second Tlie first cow transformed more feed energj into milk 
gy than did the second without regard to the efficiency of the trans- 
lation The figure 17,000 lb of 4 per cent F C M for the first coav 
ns that m making 20 000 Ib of 3 per cent milk she transformed as 
;h feed cnergj into milk energy as she would ha\e done if she had 
le 17,000 lb of 4 per cent milk 

'he breeder m anj breed will ha\e cows which rarj quite a bit in 
terfat test A method is aiailablc for comerting milk of anj test to 
standard Tlie procedure is based on the figures for con% erting 
4 per cent F C M namelj, 0 4 of the milk plus 15 times the total 
terfat One pound of 5 3 per cent nulk is equal to 1 X 04 = 04 
s 0 053 X 15 = 0 795 or 1 195 lb F C M and the figures for com ert- 
; milk of anj test to a standard 5 3 per cent F C M are obtamed bj 
ading (0 4 M + 15 F ) b\ 1 195, which gi\es us milk times 0 3347 
d total fat times 12 55 

The«c factors for the \anous breeds are found in Table 47 Wth 
e breed factors m Table 47, a breeder can put the production of 
I his cows into the standard F C M for his breed and thus smooth out 
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Tabi^ 45 — IIoLRTEiK Conv'ehsion FACTOnS 



Days Milked* 


305-308 

1 00 

337-340 

0 92 

309-312 

0 99 

341-344 

0 91 

313-31G 

0 98 

345-348 

0 90 

317-320 

0 97 

349-352 

0 89 

321-324 

0 96 

353-356 

0 88 

325-328 

0 95 

357-360 

0 87 

329-332 

0 94 

361-364 

0 86 

333-33G 

0 93 

365 

0 85 


•Applicable also to Table 46 licnco oimtied there 


diftcrcnccs in bufctcrfat test The most usual figures ttliich breeds print 
about their cou s are those for total milk and total fat These figures arc 
the least valuable to the breeder "Wliat he needs to know are his 
animals’ fat test (because it docs not generally pay to stray too far from 
breed average m this respect) and total inheritance for production He 
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BREl:DI^G AND WPROVEMENT OP FARM ANIMALS 
Table 46 — Gdfrnset and Jersey CoN\Ensio\ Tactors 


Age 

2X,305 

2X^05 

3X,305 

3X,3C5 

W) 

1 343 

1 142 

1 115 

0 940 

2 

1 202 

1 073 

1 017 

0 883 

2-6 

1 195 

1 016 

0 992 

0 836 

3 

1 141 

0 970 

0 947 

0 799 

3-6 

1 099 

0 934 

0 912 

0 7CD 

4 

1 063 

0 904 

0 ^2 

0 744 

4-6 

1 037 

0 881 

0 861 

0 726 

5 

I 020 

0 867 

0 847 

0 714 

5-6 

1 OOS 

0 857 

0 837 

0 706 

6 

1 000 

0 850 

0 830 

0 700 

0-6 

1 000 

0 850 

0 830 

0 700 

7 

1 000 

0 850 

0 830 

0 700 

7-6 

1 006 

0 855 

0 835 

0 704 

8 

I 012 

0 860 

0 840 

0 70S 

8-6 

1 018 

0 865 

0 845 

0 713 

9 

1 024 

0 870 

0 850 

0 717 

9-6 

1 035 

0 880 

0 859 

0 725 

10 

1 047 

0 890 

0 869 

0 733 

10-6 

1 064 

0 004 

0 883 

0 745 

11 

1 082 

0 920 

0 898 

0 757 

11-6 

1 100 

0 035 

0 913 

0 770 

12 

1 112 

0 945 

0 923 

0 778 

12-6 

I 124 

0 955 

0 933 

0 787 

13 

1 136 

0 066 

0 943 

0 795 

13-6 

1 148 

0 976 

0 953 

0 804 

14 

1 160 

0 980 

0 963 

0 812 

14-6 

1 172 

0 990 

0 973 

0 820 

15 

1 184 

1 006 

0 983 

0 829 


Table 47 — C o \ version Factors to Variols F C M STA^DABDS 



Av test 

Con\erBion factors 

Milk 

Total fat 

Aj rehire 

4 06 



Brown Swiss 

3 96 

0 402 


Guernsey 

4 90 



Holstein 

3 55 

0 429 


Jcrsc> 

5 30 

0 3347 

12 55 
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should, therefore, know the fat test of each cow, and if he wll conv* 
all production to his own breed standard test by means of 

factors in Table 47, he udll have each cow’s total production 
For more rapid progress in improving dairy cattle, we need mo 
production facts, and these facts must be standardized to some comn-' 
basis by means of age and times-railked factors, and the F.C.M. fact- 
will add a further refinement of the data. 

Methods for Indexing Dairy Bulls for Production. — Since a dairy b” 
yields no rnilk, his transmitting inheritance must be assayed by 
of his type, his pedigree or the production facts of his offspring, 'i ■ 
first two methods are not very accurate. Over the past 30 years, man 
suggestions have been made for working out the third method. I 
general, the idea is to try to get a genetic picture of the bull by studyi’^* 
his daughters' records or by comparing them with those of their dams. 

Pearl, Gowen, and Miner^ (1919) suggested the quartile method « 
arriving at a bull's transmitting ability. This method consists of plot ' > • 
the curve of variability of AR records, dividing it into qunrtiles (o 
octiles), then classifying the offspring of each sire in terms of percent'^^* 
on the basis of the relative standing of each dam with her daughter. Tht 
highest quarter of the AR records was called A, the second B, the third C 
and the fourth D. If a bull had 4 daughters, and 50 per cent, or 2, ot 
them were in the second quarter, whereas the respective dams were 
the first quarter; 1 daughter, or 25 per cent, was in the second quarter, 
whereas her dam was in the third quarter; and 1 daughter, or 25 per cent, 
was in the fourth quarter, whereas her dam was in the first quarter; 
the huh then lepr^ented hy the iehwflng ieimhla, the dame' letters 
being given first: 

50AB 4- 25CR + 25AD 

The example just given seems relatively simple, but on occasion this 
formula for a bull can become very complicated; c.j/., the formula for 
Spcrmfield Owl: 

12AA 4- 4AB 4- 4AC 4- 23BA 4- 12BB 4- 4BC 4- 8CA 4- 8CB 

4- ^CD + 12DA 4- 4Di? 4- SDD 

In any event, the method was complicated and too indefinite for general 
use. In any given case the question for which a breeder seeks an an.swcr 
is, How many pounds of milk and whnt fat percentage will this bull 
transmit to his daughters? No such definite answer is possible by the 
q\iartile method. 

* Pkatu., II., Gowkv, J. W., and Mnnsn, J. II., Maine Agr. Col. Ext. Bui. 2Sl, 
(Studios in Milk Secretion VII), 1910. 
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Yarm' (1925) fldvanccd the thcorj that a sire s potential transmitting 
abldfinSt t capreased in tcnns of 4 per cent milk by the ormula 
y = 2 1 - -B Here X = the sire s potential transmitting ability , A 
the daughters aa erago records conaerted to a 4 per cent fat 
B = the dams record converted to a 4 per cent fat basis This s 
tantamount to saying that the aaerage production of the daughters fal 
3 ust halfaaay betiaeen the average production of the dam s and si 
potential transmitting ability 4Ve have here the adoption of the the ry , 
borne out quite generally in nature, that the crossing of the taa o catrcines 
Mill produce progeny about halfaaay bctaaecn the parents if the character 
IS determined by multiple factors, as no doubt milk production is it 13 
comparatively simple, of course, to find the bull’s index, provided the 
dams and the daughters aa erage productions are knoaa n This metho 
IS unfortunate in that it hides in one figure details that a breeder shou 
knoaa, MZ the potential amount of milk and the percentage of fat aaliich 
the bull transmits The method of converting records to a 4 per cent 
basis as practiced by Yapp ivas based on the above-mentioned Gaines 
and Davidson* formula of 0 4 of the milk plus 15 times the fat equals the 
r 0 M to a standard 4 per cent basis 

Table 48* giies the factors for standardizing milk of any test to a 4 
per cent F C M basis 


Table 48 — Factors for Convebtiso t\ eights op Mile op OrnEii Fat Content to 
Their Energy Equipalekt W eiciit op 4 0 Per Cent Milk 
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Turner* (1925) proposed the folloAimg formula as a means of ascertain 
ing a bull s index Sire s potential transmitting ability equals the daugh 

•Yatp \S Transmitting Ability of Dairj Sires Amcr Soc Anim Prod Proe 
December 1924 

* Gaines L and Davidson F A Relation, between Percentage Fat Content 
and \ield of Milk, lU Agr Ezpl Sta Bui 243 1923 

* Perkins A, E A Simpli^d Procedure for Calculatmg Weights of "Milk ®tc 
Jour Dairy Set 20 129-132 1937 

^Turner C W A Comparison of Guernsey Bircs Vo Aar Exvt Sla Res Bui <9 
1925 
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ter’s fat production minus 0.15 of the dam's fat production divided ' 
0.85. This formula grew out of Turner’s study in which he found 
for each increase of 100 lb. of fat on the part of the dams, the daugh- 
increased 15 lb. This formula of Turner’s implies the genetic theory 
partial dominance on the part of the bull, since the daughters are seen i 
progress 85 per cent of the way up or down to the bull's level from +1 
dam’s average level of production. 

Graves^ (192G) suggested comparing the dams’ and daughters’ xcCui. 
and letting the difference (plus or minus) stand for the bull's index, 
rating bulls under this system, Graves also considered the average nnt 
production of the dams and daughters, the average fat percentage • 
dams and daughters, and the percentage of daughters making an increa:! 
in amount of milk as well as the percentage making an increase in fat i * 

Goodale^ (1927) proposed the Mt. Hope bull index. This assumei 
that, in matings between animals of unequal levels, milk production 
on the average about seven-tenths of the distance above the level of th 
lower parent, while butterfat per cent is about four-tenths of the distaRv. 
above the lower level. To get the Mt. Hope Index, compute the avern^^ 
mature equivalent of the milk production of all daughters of the L ill 
also the average mature equivalent of the milk production of the 
of these daughters and take the difference bet^veen these averages. 

If the daughters’ average c.xcceds the dams' average, add 
sevenths (or 0.428G) of the difference to the daughters' average to ge 
the bull’s milk-index figure. 

If the daughters' average is less than the dams’ average, sabti 
seven-thirds (or 2.333) of the difference from the daughters' average t. 
get the bull’s milk-index figure. 

The index for percentage of butterfat is obtained by similar operations, 
but ^vith different fractions. 

If the daughters’ butterfat average percentage exceeds the dams* 
butterfat average percentage, add three-halves (or 1.5) of the difference 
to the daughters’ average to get the bull’s butterfat index. 

If the daughters’ average is less than the dams’ average, subtract two- 
thirds (or 0.GGG7) of the difference from the daughters’ average to get the 
bull’s index. 

The above was known as the Precise Mt, Hope Index. Later it was 
suggested to ignore the theoretical partial dominance of high milk jncld 
and low fat test and consider that the daughters fell halfway between 


* Ghaves, H. R., Tnuisinitting Ability of 23 irolstcin-rrii'slnn Sires, VJi. T>epl. 
Agr. Bitl 1372, 1020. 

* G 00 DM.F, II. D., Selecting a Herd Sin*, Mt. Hope Tnrm Publication, 1027. 
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dams and sire index m both, milk and test This is a -vanation of the 

idea expressed by Yapp and others earlier 

Gifford^ (1930) from a study of a group of Guernsey bulls concluded 
that the daughters’ records could be used as the index of the bull In 
other nords, the dam’s contnbution is disregarded entirely, nhich is all 
right pronded the dams m each instance are an average of the breed 
Wnght^ has proposed a method for evaluating bulls that takes into 
account the number of daughter-dam pairs available He has clarified 
the situation bj distinguishing between three types of matings The 
first type, a mating of a bull mth some individual cow, Wnght says, 
can be answ ered by using the method of multiple regression, provided all 
the necessary correlation coefficients are available Even this, however, 
w ould seem to be rather a nsky procedure m the present state of probable 
heterozygosity of most of our dairy ammals The second type of matings 
of a bull to cows m the same herd or of similar levels of production, 
Wnght says, can be foretold by the records of the previous daughters 
of the bull 

Tor the answer to the question as to wrhat record would be expected of 
daughters of a bull, if the latter were mated with a random sample of 
cows of the breed, Wnght has proposed the following formula 

where n = the number of daughter-dam comparisons, A *=» the breed 
average in production, 0 =» the daughters’ average production, D = the 
dams’ ascrage production, and S ~ the bull’s index This system is 
based on the genetic theory of multiple-factor inheritance and gives added 
weight to the breed a^crage, where the number of daughter-dam com- 
pansons is small and increasing w eight to the daughter-dam comparisons 
as the number of these increases 

At the present time the dairj-bull index that is being most used is the 
one which places the daughters exactlj halfway between the production 
le\cl of their dams and the index of their sire, both for amount of milk 
and percentage of fat This is now generally know n as the Equal-parent 
Index First, we must concert the milk records of cows to which a bull 
was mated to some standard basis bj means of conversion factors given 
above, do the same thing to the daughters’ records, and, when we have 
gotten all the records onto a comparable basis, make a companion 

’Girn)Rn ^ Mode of Inhcntanecof \earty BuUtrfat Productioo, 3/o Agr 
ftpt Sla ltd liul 144 1930 

PO Sires, Imtr Soe cf Amm Prod Proc . 1031, 
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Gl 


beta een the average production of the Sams and the average productn 
of the daughteis The simplest way to do this is by the formula — nv 
the daughters’ averages foi milk and test minus those of the dams Tb 
lets the daughters fall just halfuay beta een the actual average p 
ductionof the dams and the estimated index of the bull, on the assumpi, c 
that both parents are jointly and equally responsible for the charaot 
istics of their offspring 


Dams 


Age 

of 

cow 

Actual 

record 

Conver 

Bion 

factor 

Con- 

verted 

record 

Test 

2 

2 

3M 

6 

4 

6 

7.S41 X 1 2G2 ^ 
8,263 X 1 262 * 
9,340 X 1 099 
11,521 X 1 000 
10,842 X 1 003 
9,560 X 1 000 

= 9,895 
= 10,428 
= 10,265 
= 11,521 
= 11,525 
= 9,560 

4 91 

5 06 

4 83 

5 21 

4 96 

5 01 



0/03,194 

0/29 98 




10,632 

4 99 


Daughters 


Age 

of 

cow 

, , , Conver- Con 

Actual . j 

, Sion verted 

record , . , 

factor record 

Test 

3K 

7,422 X 1 099 = 8,157 

5 2 

4 

8,347 X 1 063 = 8,873 

5 i 

2 

7,250 X 1 262 = 9,149 

6 • 

3K 

9,351 X 1 099 « 10,277 

4 

2Jf 

10,461 X 1 105 « 12,500 

5 

3 

7,340 X 1 141 « 8,375 

5 1 


0/67,331 

0/30 


0,555 

5 


AU records — lactations 

A\ crago of dams 
Average of daughters 
Difference 
Bull’s index 


10»532 - 4 90 
0,555 - 5_0p 
- 077 + 0 10 
8,578 - 6 19 


Tia 174 — Bull index T\ork sheet For a worth-while index the first C to 10 daughters 
n bull must be tested and their average production compared -with that of their dams " 
could select C daughters of almost aio bull and therebt gico hini a fairly iiigli index uhid 
might lm\o a largo nd^e^tlSlng \aluc but jIb genetic \aluo would lx> almost zero 
production o\cr a period of years gives a much truer estimate than does the productio'' 
of atij one year 


A bull indc\ is a verj' useful tool in the selection and breedmj; of dairy 
animals, though it sliould by no means bo the only one Figure 17 f 
shous the index of a gnen bull amUi the dams’ records on the left and the 
daughters’ records on the right, both sets converted to stand ml mature 
age, SIX jears, 305 dajs lactation, l\\ice-u-<lnj milking Since records 
show that the fat test of milk produced bj a cow is rclatuelv constant, 
I c , changes little, although it does fall Mighth witli ngt, it is not custorn- 
ar> or nocosHarj to apply nnj conversion factors to the Inittrrfat test 
’1 ho hull comics out w ith an index of 8,57S Ih of milk nntl a 5 10 per c( nt 
test on 0 daughter-<lam pairs It would have he< n bcltr r, of courM for 
the bull to have hail R or 10 daughters rtvthvr th in G, and Ihev mu>*l l>e 
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the first 0 or 10 daughters, i e , they cannot be a selected 0 or 10 and 
yield anywhere near accurate icsnlts 

Regression Index— One of the authors' recently examined the bull- 
index problem and proposed a new index called Regression Index Iho 
regression of groups of daughters’ records on those of groups of dams was 
found to be 0 5 

The matter of regression may be easily illustrated b> a graph, as m 

Fig 175 Jit 

In Fig 175, ^^e ha\e assumed a breed uith an average production oi 
10 000 lb If -we graph the groups of cows from 0,000 to 14,000 lb 
(sohd hne), then the average of Ihcir daughter groups vill fall about on 

the broken line starting at 8,000 

y lb and rising to 12,000 lb Froni 

z' C, 000-lb dams, v e “ normally expect" 

12 000 - to get daughters at the 8,000-lb 

level, te, they vill regress one-half 
10J300 of the uay back up to the breed 

average Likewise, from 14,000-lb 
dams, WQ “normall> expect" their 
yy daughters to regress one-half of the 

way back down to the breed average 
6 0001^ 1 Regression, however, is not a mys- 

Fio 176 —Graph showing regression ot tcnOUS natural laW It IS due tO tw O 
groups of daughters on groups of dams pC 

docs not necessarily truly mirror genot> pe (especially in a quality like 
milk production which is so prone to environmental influences), and (2) 
that animals producing toward the extremes are unlikely to be mated to 
animals as extreme as themseUes 


If the breed average is 10 000 lb ot milk, we normally expect a group 
of daughters averaging 8 000 lb from a group of cow s averaging 0,000 lb 
Whether w e w ould get this or not from any particular bull w ould remain 
to be seen From a dozen bulls we might get groups of daughters all the 
way from 10 000 or 12 000 lb down to 6,000 lb , but the average of all of 
them w ould be about 8 000 There is no mystenous force regression or 
any other, which will tend to move a 6,000 lb herd up to 8 000 lb If 
the owner continues to use bulls with a transmitting level of 6,000 lb , 
his herd w ill staj at the 6 000-lb level, but if be uses a\ erage bulls, it 
will climb up toward 8 000 lb Likewnse, a 14,000-lb herd will not 
automatically drop to 12,000 lb This herd is likely to fall back toward 
the breed a\ erage because its ow ner is likely to use average bulls If be 


‘ Uicr ^ A A New 
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Method for Indexing Dairy Bulls, Jour Dairy Sci , 27(11) 
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uses bulls -wdth an inheritance of 14,000 lb. or more, his herd -will remain 
at 14,000 lb. 

Regression (first used by Francis Gallon) is, in one sense, an unfortunate 
term because to most minds it usually connotes going baclcward. In 
the biological sense, it means, according to Webster, “the correlation 
between parent and offspring when used as a measure of inheritance.” 
Actually, of course, regi’ession is the correlation times the ratio of the two 
standard deviations, but since in much biological data the two standard 
deviations are approximately equal, the correlation and the regression 
often have approximately the same value in studies of heredity. Regres- 
sion is commonly referred to as “the drag or boost of the breed. When 
animals get below the breed average, their offspring “tend to” climb baok 
up toward the breed average; when they get above the breed average, 
they “tend to” fall back toward the breed average. In short, regression 
moves upward from below the breed average and do^vnwa^d from above 
the breed average. 

The regression index can be found by getting the difference betweeu 
his daughters' actual and “normally expected” production and adding 
this difference to the breed average. This proposal differs from the 
Equal-parent system in that the latter method deals with the actual 
records of dams and daughters without specific reference to the breed 
average, although, as will be shown, this feature could be included. 

The Regression Index couid be calculated from tables centered on the 
respective breed averages both for amount of milk and for buttorfat tost, 
with daughters' expectation rising or falling from the breed average 
Qnerhelt as fast as theis dams. 

If tables of normal expectation were not available, the normal expecta- 
tion for any group of daughters could be ascertained by adding the 
respective breed averages in milk and test to the dams’ average in milk 
and test and dividing by 2. 

The easiest way of finding a bull’s Regression Index would be to find 
his Equal-parent Index in the usual fashion (twice the daughters’ aver^ 
ages minus the dams), then add the respective breed averages for milk 
and test to this Equal-parent Index and divide by two. In other words, 
the Regression method simply regresses the Equal-parent indexes half.* 
way back to the respective breed nvcragc.s. 

Formulae for finding the Equal-parent and Regression indexe.s are ns 
follows: 

Equal-parent = IF -f- 2(fZ — e) 

Regression = IF -p (d — r) 

where IF « breed average, d « daughters’ actual production (or te.st) 
and c = daughters’ exi)ecte(I production (or test). Ix^uving the figure 2 
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out of the Regression Indcv formula automiticallj regresses Equal 

parent indexes ^ 

To use the Regression Index one roust know the breed or pop 
average This is something we think c\erj breeder should know m 
order to more properij e\a\uate the st'xndmg of his own herd 

■V anous figures can be found which supposedly represent the vanous 
Dairy Cattle Biccd Averages We were not able to get categorical 
answers from all the breed secretancs as to the “average production ol 
their respective breeds Trom our study and correspondence how ever, 
we could get the average bultcrfat test of the breeds It seems that 
there is relatively little difference m the average yearly butterfat pro- 
duction of cows in the vanous breeds wnder sirailat conditions This 
figure appears to be about 410 lb of butterfat yearly for mature cows on 
twice-a-day milling under good Herd Improvement Test conditions 
From the known butterfat tests and the assumed 410 lb of butterfat wc 
have constructed the figures shown m Table 49 which will have to do for 
the Breed Averages until the various breeds can supply us with the 
actual figures 

Table 49 — ArpRoxiMATE Dairt Cattle BaErn Averaols 


Mature basis 2 X 305 days 



Milk 

Test 

Butterfat 

Ayrshire 

10 100 

4 06 

410 

Brown Swiss 

10 350 

I 3 96 

410 

Guernsey 

8 3 0 

1 4 00 

410 

Holstem 

11 550 

3 55 

410 

Jersey 

7 740 

5 30 

410 


The figures in Table 49 it should be noted assume that cows are milked 
for a full 305 days twice a day under good conditions We realize that 
not all purebred herds reach the figures indicated in Table 49 Also 
the bas c figure of 410 lb may be up to 5 per cent too much or too little 
for certain breeds Until we can get more accurate figures from the 
breeds however the above approximate must suffice Actually the 
Ayrshire breed is now using the figure of 9 100 lb wluch is the actual 
average for this breed but this average includes many cows which do 
not milk the full 30o days Those milking the full lO-month period 
approximate the figure shown in Table 49 

^\lth the values shown m Table 49 one can compute Regression 
indexes for bulls m any breed The chief advantage of the Regression 
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Index is that, knowing his breed average, the breeder can quickly arrive . 
at a bull’s apparent transmitting level. For example, if a Breed Average 
was actually 10,000 lb. of milk with a 4 per cent test and a bull of that 
breed is stated to have a Regression Index of 10,600 — 4.20%, we know 
immediately that his daughters produced 600 lb. more than normally 
expected (10,600 minus 10,000) and tested 0.20 better than normally 
expected (4.20 minus 4.00) regardless of the level of the dams to which he 
was mated. An Equal-parent Index of 10,600 millc and 4.20 test, on 
the other hand, could have been secured from dams 8,000, daughters 
9,300 — dams 14,000, daughters 12,300, and from millions of other com- 
binations. The Equal-parent Index is not very revealing because it 
lacks any specific point of reference Avhich the Regression Index has 
automatically in the Breed Average. 

In addition, since the Regression Index moves very high or very Ioav 
E qual-parent indexes halfway back to the Breed Average, its use in 
pedigrees and other advertising material would help to keep purchasers’ 
hopes within reasonable bounds of possible accomplishment. 

Bull Index as a Selection Tool . — Some people prefer to use the actual 
daughters’ average as the measure of a bull’s transmitting ability without 
standardizing the data even as far as age or number of milkings. In 
this form, we think the data practically worthless, at least so far as 
comparisons among bulls or prediction of future daughters are concerned. 
^Vhen standardized for age, number of milkings, and environment, if 
necessary and possible, the records of a bull's daughters are of great 
value in delineating his hereditary level of transmission. If the mates 
were a random average sample of the breed or population and the bull 
was later to be mated to a random average sample of the breed or popu- 
lation, such records are perhaps all that are necessary. 

Some people standardize mates’ and daughters’ records and express 
the results as simple pluses or minuses for daughters in amount of milk, 
butterfat percentage, and total butterfat. This may be misleading 
because it fails to consider the normal average regression of 0.5 of groups 
of daughters on groups of dams. A bull bred to 0,000-lb. cows and 
having daughters at 8,000 lb. would show a 2,000-h figure, wliile one 
bred to cows averaging 14,000 lb. and having 12,000-lb. daughters would 
show a 2,000— figure, leading one to assign greater merit to the first 
bull. However, if the breed or population average was 10,000 lb., the 
normal rcgro.'^.sion of daughters on dams would call for exactly the figurc.s 
secured, 8,000 and 12,000. In .short, these two bulls are equal in trans- 
mission — both of them average r.atlicr than there being a spread of 4,000 
lb, between them, as the 2,000 lb. plus and minus seem to indicate. 

For more sound procedures in the selection of bulls, wc need all the 
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breeding facts we can get and -nc need to use the facts as logically and 
completely as possible To us this means using the standardized mates 
and daughters’ a\ crages m the form of a bull index 

A bull’s index is a numencal summation of standardized data from his 
mate’s and his daughters’ production figures aimed to express the bull s 
inhentcd level of transmission for milk, butterfat test, and total butterfat 
There are several factors xibich may limit the accuracy of an index 
Enmronmenl — Since an index is based on the average production of a 
bull s mates and daughters, it is only ns tnistvv orthy as the records 
themselves It is always possible that, cither through design or chance, 
the mates or the daughters may have been more or less favorablj circum- 
stanced for high production than were their opposites If this has 
happened, the index loses value In assessing an index, it is ncccssarj to 
establish the “normalcy” of conditions under which mates’ and daugh- 
ters’ records w ere made and to make as reasonable an allow ance as the 
facts seem to justify Such allowances arc arbitrary and may further 
distort rather than correct for differences If the error is brought about 
by forcing a bull’s daughters the distortion will not be increased any 
more in an index than it would be m using daughters’ records alone 
If the distortion is brought about by lowering mates' production, the 
distortion will appear m the bull’s index but would not in the daughters' 
average One is, therefore, perhaps justified m discounting to some 
extent an index on a bull which was bred to very low record cows 
Since milk, test, and total fat arc all clastic to some degree (some 
perhaps more than others), it is apparent that neither daughters’ records 
alone nor an index can be infallible Both of them arc relatives, not 
absolutes Since an index considers all the data, while the daughters’ 
average considers only half or a little more of it, we prefer the index 
over daughters’ records alone for the hereditary evaluation of a bull or 
as a prediction tool 

Genetic Interactions — Another point which may influence the accuracy 
of an index grows out of the following facts (1) the number of genes 
affecting milk, test, and total fat is probably large and (2) the genes 
probably interact wnth each other m a variety of ways other than m 
simply additive or multiplicative fashion to produce a given result 
(dominance or lack of it, epistatic effects, etc ) The practical breeder 
lumps all these and perhaps others into what he calls “nicking ” Tins 
phenomenon is perhaps difficult of rigid proof, but many practical 
examples are most easily explained by recourse to “nicking,” and the 
nature of the hereditary process would lead one a pnon to expect it If 
the early use of a certain bull in a certain herd does result m a fax orable 
nick, then the index derived from those early fav orable matings may 
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be misleading so far as the results of the use of this bull on later cows of a 
different genetic background are concerned (and this -w ould also be true 
of the use of his daughteis’ records alone). 

Ftnagling . — Still a third factor may limit the accuracy of an index, 
namely, selection. Studies have sho\vn that 5 daughter-dam pairs are a 
sufficient number on which to formulate an index, provided they are 
unselected daughters, although we personally still prefer to have at least 
7 or 8 daughter-dam pairs (as does probably everyone else). If only the 
selected 5 best daughters (out of 10 or 20) are used in calculating the 
index, then the index is of very questionable value and adding more 
selected daughters would not help any. Selected daughters are invalid 
for indexing a bull; they are also invalid in themselves for estimating the 
genetic worth of a bull. 

Unpublished data of Hyatt and Tyler of West Virginia on 473 Ayrshire 
sixes with 17 to 20 or more tested daughters from tested dams showed the 
following regarding average butterfat production. 



Correlation 

Regression of 
next 10 on 1st 

7, 8, 9, or 10 

Ist 7 daughters and next 10 daughters . 

0 66 

0 51 

1st 8 daughters and next 10 daughters 

0 58 

0 55 

1st 9 daughters and next 10 daughters 

1 0 65 

0 62 

Ist 10 daughters and next 10 daughters 

0 65 

0 62 


These data also showed the follo-vving regarding Equal-parent Indexes. 



Correlation 

Regression of index on 
next 10 on 1st 7, 8, 9 
or 10 

Index on Ist 7 and index on next lO 

0 41 

0 41 

Index on 1st 8 and index on next 10 

0 u j 

0 44 

Index on Ist 9 and index on next 10 

0 51 1 

0 51 

Index on 1st 10 and index on next 10 J 

I ” 

0 50 


As Hyatt and Tyler point out, In this data the Rcgrc'ssion Index on 
the 1st 7, 8, 9, or 10 daughter-dam pairs becomes tlic Equal-parent 
Index for the next 10. Apparently, if the first few dauglUens arc above 
OT below ax’cniRe, future groups of daughters will tend to regress toward 
the brood average and the same for indcx«5. 
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BREnoiNO AND IMPROl r^fL\T OJ- I-Ainf ANIVATS 

Then ^^hat ans\\cr can a\c give to the question, “Wliat about indexes 
m the selection of bulls”? 

To us the answer seems to be about as follows. 

1 Since wexvant to know how good (or bad) a bull is as quickly and as 
completely as possible or on ns few unsclcctcd daughters as possible, 
xve can get the answer a little more quickly with indexes, since it 
requires about 50 per cent more total daughters to proxndc as valid 
an answer 



2 'We must learn to take regression into account, to expect future 
groups of daughters beyond the first 7 to 10 to regress about halfw ay 
to the breed or population average The Regression Index will 
help to reduce our hopes to somewhere near probable realization 

3 In artificial breeding pubbcity, we should try to make our clients 
realize that 

a If the average of the indexes of the bulls being used m artificial 
breeding in any breed can be kept above the average of the cows 
of that breed m the area (or any given herd), reasonable progress 
m increasing production can be expected 
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b. If a bull’s first few daughters have done 450 lb. or his index is 
500 Ib., the client must not necessarily expect his own daughters 
by that sire to reach these levels. It depends on a lot of things — 
especially the genetic worth and perhaps specific genetic make-up 
of his cows and how he feeds and manages them. Better regress 
his hopes to some realizable level. ‘ 

c. If a bull's Regression Index on his first 7 daughters is 450 lb. of 
butterfat, better use that as the Equal-parent Index for his 
next 10 or 100 daughters. 

d. If a bull’s index stands at 450 lb. and the cows he will be bred to 
average 400 Ib., then the resulting 1,000 daughters will average 
about 425 lb. But that average means that there Avill be about 
500 of them below 425 lb. Every artificial breeding patronizef 
will expect liis neighbors to be housing and caring for these 500 
below-average daughters. Many will probably want to "raise 
Ned” if they get one of them, so be prepared. 

c. Because of the heterozygosity of our animals and the halving 
and sampling nature of inheritance, no one can predict wdih any 
accuracy what a certain daughter by a fairly indexed bull and 
out of a cow of known production will produce. An index on 
daughters’ records is useful only in judging what future groups 
may do. The groups will inevitably show considerable vari- 
ation, and there will probably be "squawks” from those on the 
lower side of average. 

Age of Bull to Buy. — It seems fairly obvious that the best buy in a bull 
would be a proved sire, one that had already demonstrated his ability to 
transmit good type, production, and all the other desirable things which 
wc want in a herd of dairy cattle. If the bull has done a good job of 
transmitting in one herd, he stands a good chance of doing likewise in 
another herd, but this is not an absolute certainty. Some bulls do well 
in one herd, not very well in some other herd, and the reverse of this 
occasionally happens too. If management is adequate in both herds 
concerned, the differing transmitting abilities of bulls is probably genetic. 
As the breeders say, the bull "nicked” well here, he didn’t there. In 
other words, the genes of the bull fitted well with the genes of the cows of 
one herd but not with those of the other. 

There arc several difficulties with good adequately proved !)ulls: (1) 
There arc not many of them; (2) their price is apt to be high; (3) they arc 
often getting on in years and losing some of their breeding ^^go^ and 
bureness; (4) they arc often dead when we learn of them. 

In other words, although good proved bulls are the best bet, few of us 
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arc gomg to be apt to n them Moat of m, m other « orda, arc gomg 
\o be usiDK \ oung bulls for some time to come 

H ^\e em’t get a proved sire siv or eight >ears old , 

younger bull, say three or four jcaia old? Some breeder mn> ha\ 
a bull and not uant to use him on hw onn daughters but be an\i 
keep him alive If the bull has a good pedigree, if his daughters look 
good m comparison ivith their dams, if the herd is clean, so that vo a 
not apt to be introducing disease into our herd bj the use of this » 
and if he can be purchased at a reasonable pnee or, better still, leased a 
nominal price, or if perhaps vc find ourselves m a similar situation o i 
breeder e and the breeder might then just evchange bulls for 1 or 2 j ears, 
the bull problem v ould be solved for a while 

And so vve might go on all the w ay dowm to calv cs A si’c- or cigh - 
year old bull might bo proved, a four-year-old bull might hav e a group ot 
yearling daughters, a tw o-ycar-old bull a bui^ch of calv cs being bom, a 

yearling bull will have no offspring buthch-vshad achance to grow 

bit so w e can get an idea about what he is gomg to look like 'NVith the 
calf, there is not much that wc can determine perhaps except that he is 
alive and with good luck ought to remain so for some time 
There are dangers and possible disappointments m the purchase of an> 
male The problem is worthy of all the study and effort w c can put into 
it 


The principal dangers with the purchase of older bulls arc both ph> Bio- 
logical and genetic In other words the older bull used m some other 
herd may bring disease with him when he comes to us, and it is very 
easy to draw rather broad conclusions from rather few data Perhaps 
a bull has half a dozen daughters that in their youth look a lot better 
than their dams which have seen a lot of hard service, but how w ill 30 
of his daughters look 5 or 8 years from now ? It is very easy to fool our 
selves w ith a small number of young offspnng 

With a bull calf, we generally largely avoid the matter of his mtro- 
duemg disease into our herd Genetically, w e can know nothing about 
him except what we can guess from his pedigree and his collateral rela 
tives The older bull gives us a chance to see a few of liis offsprings 
generally too few and too young to be a ver> sure indication The > oung 
bull although having no offspnng is generally on the farm w here be w as 
bred W e therefore, usually have a chance to study his sire and dam, 
often many other of their offspnng and other direct or collateral relativ es 
of the bull calf m question Also the calf can usually be bought more 
cheaply 

There is no definite categoncal answer to the question — is it better to 
buy a tw o- to four-year old bull or a bull calf — prov ided a good definitely 
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pioved bull IS not available There arc many angles from vhich the 
problem must be vieA\ed, and the solution -will vary -with different 
individuals and circumstances 

One thing is certain, v e need to prove more bulls Kecords show that, 
on the average, out of every three bulls, one will give daughters that excel 
their dams m production, one bulVs daughters wU produce less than their 
dams, and one bull’s daughters mil produce at about the same level 
When a young bull is purchased, he preferably should be used on 12 or 
15 cons when he is just at or past a year old and then be leased, loaned, 
or just temporarily retired until 5 or 6 of his daughters have made records 
In this n ay the good transmitting bulls can be discovered and, when dis- 
covered, used as extensively and as long as possible The present system 
IS generally the exact opposite of the above A bull calf is purchased, he 
gets one to tuo crops of calves, and then he goes to the butcher to avoid 
inbreeding Thus lots o^good young bulls have been real “boloney” 
before their u orth was reah 2 ed, and by the same token, lots of poor bulls 
get by on the “phony boloney” of 6 or 8 good daughters out of a total 
crop of CO or 80 daughters 

If a man is to be a successful breeder of dairy cattle, there are several 
“musts” in his program We think the most important one of all is that 
he try out young bulls before putting them into heavy service This, 
of course, is just another nay of saying that to be successful, a breeder 
“must” use a senes of good, proved sires 

Many breeders are solving their bull problem by joining artificial- 
breeding cooperatives, and the trend in this direction seems likely to 
continue, provided the sire selection committees of the artificial breeding 
cooperatives are able to do a thorough and painstaking job in the selec- 
tion of proved sires and also m the matter of proving their oun young 
sires 

Practical Shortcomings of the Progeny Test. — ^By means of the 
progeny test ve can, it -would seem, get a fairly definite idea as to the 
transmittmg ability of a bull from a production standpoint However 
some practical considerations would indicate that even this method of 
bleeding with bulls which have been tested by the progeny method and 
found desirable has senous shortcoming In the first place, the method 
IS expensive, because it implies the using of a one- or tw o-ycar-old bull 
on 12 or 15 cows and then setting the bull aside for a period of jears and 
waiting to sec how his daughters' milk yield compares with that of their 
dams The gestation penod in cattle is 9 months TIio heifers arc not 
bred until thej are eighteen montlis old, then follows their gestation 
period of 9 months, and finallj they must go through a JO months' 

1 ictation period This is at the \ crj least a total of -48 months, or 4 j cars, 
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^^hlch must elapse after a bull iraches scMial maturitj until liis pnctic 
make up can be learned Quite obrioiislv Midi a procedure u oulil netcr 
be put into practice except b> an infimtcximallj small number of tlie 
most affluent and farsighted breeders In addition to the time anil 
financial aspects inxoUed m such a sjstem of breeding onlj from proxcu 
sires there is the additional fact that onlj a rclatnclj small percentate 
of bulls would be proxed good in anj event 



Fio 177 —A proved Guernsey bull and some of his daughters Ten dams averaged 333 
lb of fat 10 dauehters averaged 333 lb of fat (Courittv of TV D Jloa d A. San* PuUuhmO 
Co ) 

Several state-^mde inquiries in the L nited States hai e re\ ealed that the 
average age of dairy bulls in service is about 2^2 to 3H jears Many 
dairymen will not keep an old bull because (1) of the danger invoU ed 
(2) of a \\Tsh to avoid inbreeding and (3) of the danger of sterilitj 
Lush and Lacy have analyzed this problem in a \ ery thorough going 
ay as the follow ing quotation* will indicate 

Table 50 shows an estunate of the age distnbution wh ch might be expected 
among dairy bulls if the value of proten sires were so thoroughly appreciated 

‘Lvsn J L and Lacy M D The Ages of Breed ng Cattle and the Possibibty of 
Having Proved Sires Imca Agr Sta Bu\ 290 1932 
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that every bull thought -worth using in the firet place was kept (unless natural 
causes of death or sterility interfered) until he could be proven and if all those 
proven to be distinctly better than the average of their breed were kept after 
the proving as long as they remained fertile and healthy. The figures in the 
table represent the maximum which could be attained in the direction of using 
as many proved sires as possible for dairy breeding. There are several rough 
approximations in the table, as for instance the estimate that during the first 
five years the losses from sterility and death from natural causes would only be a 
little more than 2.5 per cent per year and that after the bulls had passed 8 years, 
the losses from the same causes would run some 13 per cent per year and higher. 

If these estimates are roughly correct, for every 1,000 bulls thought worth 
trying as sires in the first place, approximately 900 would go past 5 years of age 
and begin to be proven by the records of their daughters. Extensive data already 
collected^ upon proven sires indicate that about one-third actually lower the 
production of the herds where they are used, another third do not change the 
production much one way or the other, and one-third produce distinct increases 
in the production of the herds where they are used. Therefore, it is likely that 
of the 900 bulls which begin to be proven between 5 and 6 years of age, it would 
rather quioldy become apparent that about 300 of them were below the average 
merit of their breed and these would be discarded promptly. Of course the 
evidence would not all be available at once, and there would be many bulls about 
which the breeder would still be in doubt when they were 6 or 7 years of age. 
In Table 50, it is indicated that about half of the medium bulls would have their 
mediocrity definitely enough proven so that they would be discarded between 
the ages of 6 and 7 and the remaining half would be discarded the following year. 

Tliis would leave about 300 bulls which would be proven to be good and would 
still be alive at 8 years of age so that they would be available for further use. 
An annual loss of 30 or 40 each year through death and sterility from causes not 
under the breeder’s control (only an estimate but probably not unduly high) 
furnishes the basis for the remaining figures in Table 50. When the figures in 
Table 50 are added, it is seen that -there would be at any one time only 1,345 
bulls 8 years of age or older wliich would be clearly proven to bo superior sires 
among a total of 7,145 in use. This is not quite 20 per cent of the entire number 
of bulls in service. One thousand fifty more (those between C and 8 years of age) 
would bo in the process of being proven and the very poorest sires -would all have 
been discarded from this group. This would make a total under such nearly 
ideal conditions of about one-third of the sires in actual use which arc cither 
proven to be good or are psirtially proven and are indicated to be at Ichst of 
average merit. 

It becomes apparent, therefore, that, although the only method so far 
proposed for ascertaining tlic transmitting abilities of our dairy cattle, 
bulls aspecially, is scientifically sound, it hiu? very practical limitations ris 

* McDowkj.l, J. C., and WiNTBUMK-rim, W. K., Provo<l Dnirj' Sires, UJS. DepL 
Apr. Cir. n, S«'pf<*nd)er, 1027. • 
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far as ’expediting the creation of a more beautiful and more efficient 
population of dairy cows 

Selectmg a Young Bull — If one cannot or docs not desire to buy a*' 
older bull, does not choose to use bulls standing at artificial breeding 
units (and if everyone used these bulls and demanded that his cow s be 
bred to proved sires, there would be no one left to try out young sires to 
find the good ones and dairy-cattle breeding w ould be m for a tumble), 
then he must gamble on a bull calf which he must select on type and 
pedigree 

There has never been proved to be a best type for dairy bulls There 
IS an accepted show nng type, and the purebred breeder must perhaps 
pay some attention to it Hoi\ much harm this has accounted for o\ er 
the past 100 years it is impossible to say There is but a small corre- 
lation between type and production in cows There is a verv small 
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correlation between type of clam and type of daughter. There is prob- 
ably no correlation between type of dam and production of daughter and 
no correlation between type of sire and production of daughter. Then 
why pay any attention to type in a bull? We do not know the answer. 
We have often thought, however, that the dairy industry might move 
ahead faster if type in bulls was given no standing and no bulls were 
shown at fairs and expositions. We do not know what influence great 
show bulls have had on the various breeds either in type or production. 
We seriously doubt whether the good they may have done outweighs the 
bad in either category, and we believe further that production might 
move ahead faster if breeders could give only such consideration to type 
in bulls as they choose of their own free will to give. We asume they 
would give some, but perhaps not as much as they now feel they must. 
Having to pay so much attention to type in bulls means that other more 
important things can get less attention, and selection is, therefore, not so 
effective as it otherwise would be. In selecting a wife (assuming man 
does the selecting), we would have a fairly wide choice if we demanded 
only a certain minimum of physical charm. If in addition we say, “She 
must also be a good cook,” our choice is narrowed. If we also stipulate 
that “she” must have a million dollars, our choice practically vanishes, 
assuming that there is no positive correlation among these things but, 
as is more likely, a negative one. 

In production wc have a little more solid ground on which to stand and 
can say something positive •without too many t/'s, end’s, and huVs. The 
most important feature about a young bull is that he be the son of a good 
proved sire, the latter animal being one whose Regression Index for 
milk and test are above the breed averi^e (the farther above the better), 
whose sons are bulls with good indexes, and whose offspring are of accept- 
able type. We say this because we have found a good correlation between 
size of index of sire and size of index of sons in several breeds; e.g., 509 sons 
listed in Volume 15 of the Holstein-Friesian Red Book show a total pro- 
duction 4 per cent fat-corrected milk correlation with their sires of 
+0.31 ± 0.03 and a regression of +0.38. Like father, like son to a 
considerable extent. 

If the sire (call him A) of our young bull is a proved sire, this means 
that he has daughters with records out of dams -with records. Wc next 
would group these records to see whether bull A “nicked” anj' better 
when mated to tlie daughters of certain bulls. If study showed that he 
had “nicked” better when mated to daughters of bull F, then bull F, 
if a bull proved good through his sons and daughters, is elected as mater- 
nal grandsire of our young bull. Study of bull F might reveal tliat ho 
had done best when mated to daughters of bull ]\I, which places bull M, 
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,f a mod proved sire, as the maternal grcat-grandsirc ot »'"■ y“'"K 
Tto gives us the three sires ou the bottom line o ““ a 

%„l;ed voiina bull Non no must find a good daughter ot bull IM, a 
cow M ith several good records and s everal good off spring tobe the matcnu 




Fiq 178 — Guernsey bull (fop) Cowham Farm Tress King firBt>pnze bull three years an<l 
over and senior and grand champion winner of the Langwater Trophy Sire IlicEeloa^ 
King a Philosopher Dam Uex s Tress of Cowham Tarm Breeder and owner C t 
Conharn Jacluon hlich Cow (bottom) Adohr Eldor Pearlette first-prize female n^® 
j ears and over and senior and grand champion Pearlette won the Douglaston \Ianor 
Farm Trophy for best AR cow the Meadow Lodge Farm Trophy for best uddered cow 
and her breeder was the winner of the Guernsey Island Perpetual ChaUenge Trophy 
Sire Elder of Adohr Farm Dam Esealon Pearlette Breeder Adohr Milk Farms 
Tarzana Cahf Owner Adohr I arms — Memtt H and Rhoda R, Adamspn, CarmariUo 
Calif (Courtegj/ of iimertcan Guemsrp CoUfc Club ) 


granddam (call her Y) of our young bull, and finally we must find a good 
daughter of bull F and out of cow Y, a cow ^ e u ill call X who has several 
good records and several good daughters, and she will be the dam of our 
joung bull This procedure is not theoretical, i e , it is practical On® 
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might ask, ‘^"Wliere would one find that kind of situation?'’ The answer 
is in any good herd which has used three good sires in succession. They 
first used bull M and got a lot of his daughters. These were bred to 
bull F to get a lot of his daughters. They are now using the good 
proved sire A. In such a herd, if of fair size, there would be considerable 
choice of cow family — of what we designated as cows Y and X. Not all 
bulls selected in this way will turn out to be good ones, but four out of 
five of them should. Since inheritance is a halving and sampling process, 
there is no way to take all the guess out of breeding. 

We have applied our thinldng in the above example to production. 
We could also apply it to type, so that if we picked a young bull of 
acceptable type whose pedigree, analyzed for type as favorably as we 
have just demanded it analyzed for production, we would, no doubt, 
have a young bull wliieh would sire good type. 

Up to the present, a good proved sire has meant one whose daughters 
have done well considering the level of the dams to which he was mated. 
Proved bulls have been valued very highly especially by artificial- 
breeding associations. This has created the temptation to try to make 
bulls look as good as possible. Perhaps there has been some cheating — 
feeding and managing dams on a much lower plane than daughters. 
Such manipulations aie easily possible, and there may now, or in the 
future, be mediocre or poor bulls masquerading under rather high 
indexes. 

A further and more definite check on the probable genotypes of bulls 
consists of studying how their sons perform. Daughters in one herd can 
be manipulated to give apparently good results. Sons scattered over 
several herds could not be juggled so easily. A bull can be proved 
through his daughters when he is five or six years old. To prove him 
through his sons will take about 2 years longer. 

We thinlv one good way to spot good bull prospects is to watch for 
those bulls in any breed which begin to show up with good sons. If the 
first few sons of a bull to become proved really look good, then we could 
VTite to the breed association and get a list of all his registered sons and 
perhaps find a few out of good cow families which might merit a trip to 
study their offspring. In this W'ay, wc might find a good four- or five- 
year-old son of a good proved sire (out of a good cow in a good cow 
family) who, while not yet proved, will be in another year or two. If 
the first few sons of a bull prove out well, it seenLS probable that more 
will later. Studies do indicate that later sons of proved sires will not be 
so good or so poor as earlier ones — ^will tend to regress toward the breed 
average, but this is a possible source of bulls which has not been utilized 
jw niucii as it might be with advantage. Cow’ family must be scnitinired 
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rvell-proved sire to breed said sire back to a fcrv of his oivn best 
H ive can get a calf bred that rvay, he avill have 7o per cent the same gen 

past, most breeders have used a good bull or two, 
bull or two, etc, iihich, together rrith the fact that Mithm-hcrd hcifc 
selection has not been very soundly based, means that genetic impr 
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Fia. 170 — Sir Bess Ormsby May 2nd. a treat Holstein ei/e — result of matint of daughter 
backto her sire, Sir Bess Ormsby May. (Courtesy of 3/re. Tf. S. Kdlogg) 

ment in dairy cattle has been very halting. If the last three bulls hi^ 
a breeder has used have been good ones, then that breeder now has a good 
herd. We often say that the place to buy your next bull is at some farm 
where the last three bulls used have been good ones, and then we get off 
onto another topic before anyone has time to ask us the location of such 
farms and, speaking seriously, they are rather fe\\ and far between. 

Bull Transmitting Chart. — The art of animal photography has made 
rapid progress during the last 20 or 30 years. To bring out photo- 
graphically the best points of an animal and to minimize the eaker ones 
is a very difficult procedure and one requiring an infinite amount of 
patience and practice. When the job has been v ell done, how ever, it has 
decided limitations from a breeding or selection standpoint, because the 
photograph portrays only the phenotypic aspects of the animal. 
addition, the breeder also needs some method of getting a picture of the 
animal that irill portray his or her genotypic aspects. 
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The following graphs are an attempt to supply this need, especially for 
production, 

Figiure 180 shoAvs a graph for the Holstein bull, King of the Ormsbys, 
in regard to amount of milk. The 84 cows to W'hich this bull Avas mated 
Avere grouped according to production to the nearest 1,000 lb. The 
solid line of the graph shoAA's that there AA*as one coav in the 12,000-lb. 
class, one in the 13,Q0Q-lb. class, two in the 14,Q00-lb. class, three in the 
15,000-lb. class, etc. The broken line of the graph shoAvs that out of these 
84 coAA’s, this bull sired three daughters in the 15,000-lb. class, three 
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ria. 180 — Daughter^atn chart for the 
Holstoin bull, King of the Ormsbys. 
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Fia. 181. — Daughter-dam chart for 
the Holstein bxill, lOng of the 
Ormsbys. 


tlaughters in the 17,000-lb. class, five in the 18,000-lb. class, etc. The 
dams’ mean Av’as 20,547 lb. and the daughters’ mean 22,190 lb. The 
standard deviation of the dams n'as 3,858 lb. and that of the daughters 
3,405 lb,, and the coefficient of variation of the dams AA'as 18.8 per cent 
and the daughters 15.G per cent. 

A desirable bull is, .of course, one aa’Iio moves the mean to the right ; 
t.c., increases ai'cragc production and also loAvcrs the coefficient of A'ari- 
ation. If a hull is able to do both these things, it indicntc.s that lie is 
more or less homozygous for the genes making for high production. 
Tills sort of graph, in other Avords, prc.*:cnts a picture of tlio genotypic 
make-up of this bull, Avhich shows at a glance just whut sort of breeder 
he is. 



624 


breedino and improvement of farm animals 



'iO*T 2 ' 14 v> la 20 22 24 26 24 W 11 

Pound* of CJil^ttiousafidi 
Tia 182 — DavighUr-dam chart for the 
Holatem bull King of the Ofmabys. 


p.,.™ 181 sWs the same 

bull from the standpoint of fat pcrccntog^^^I^t^ 

deviation lias 0 288 per cent, and 
their eocfficient of variation 8 62 per 
cent The daughters’ mean n as 3 5-1 
per cent, their standard deviation i\ as 
0 250 per cent, and their coefficient of 
variation 7 23 per cent 

Figure 182 shoiis a graph for this 
same bull on the basis of 4 per cent 
r C M The coefficient of correlation 
between dams’ and daughters pro- 
duction on a 4 per cent F C hi basis 
was also calculated and found to be a 
positive correlation of 0 57 ± 0 
indicating that the level of produc- 
tion of these dams did influence con- 

siderably the level of production of 

their daughters, w hich adds w eight to the argument for using both dams 
and daughters’ records in computing indexes for bulls 
Herd Knowledge and Heifer SelecUon —A breeder must start from 
where he now is, w ith whatever heredity is now present m his herd Ije 
will hope to gradually improve the inheritance m his herd — pnmanly 
through the use of better sires Obviously his first task is to learn more 
completely what he has , 

Since he is going to pay some attention to type, that w ould be a go^ 
place to start He could arrange to have his herd classified, and ^ 
assigning values of 95 for Excellent, 87 5 for Very Good, 82 5 for Go 
Plus, 77 5 for Good, 72 6 for Fair, and 67 5 for Poor ratings bj the 
official classifier, he could work up the average score for his own herd m 
general appearance, dairy character, body capacity, mammary sjstem, 
and o\ er-all rating The breeder must go into type matters much more 
thoroughly than this, however He must know whether his ammals are 
good- or plain-headed, fine- or heavy-shouldered, strong- or weak- 
topped, wide- and le\cl- or narrow- and peaked rumped, straight- and 
strong- or crooked- and wcak-lcgged, and especially about any general 
weaknesses in size, quaht>, contour, and attachments of udder and teat 
placing Only with thorou^, detailed, and clear-cut knowledge of his 
own present status can a breeder be fully armed to start the search for 
his * 00 x 1 sire Breeders can work up the data on their owm herds, stu- 
dents on their college or school herd, and this type of studj must be both 
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riQ. 183— Record card lor use in dairy herd (see otter side). 
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Tio. 183 — Record card for uso xn dairy herd — (Con^inu< 
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thorough and critical. Presumably the next sire is going to begin to 
correct the present herd faults; but before he can be intelligently chosen, 
both as to individuality and family, the herd faults must be crystal 
clear in the breeder’s mind. 

Improving our dairy cattle depends primarily upon our being able to 
recognize the cows which are genetically in the upper half of the normal 
distribution curve and to get them bred to genetic upper half males. 
Since the heritability of type and production runs somewhere up to 
30 per cent, it is obvious that while selection from good-type, high pro- 
ducers would move us ahead, our rate of progress would be slow because 
we would be building our hopes on a great deal of favorable-looking 
variation which was not caused by additive genetic factors but by other 
types of genetic interactions and by the environment. Genetic vari- 
ations other than additive may be partially captured, but environmentally 
caused variations, not at all. It is plain for all to see, therefore, that the 
dairy-cattle breeder must get more factual data on the animals in his 
herd, must organize the material into its most readily usable and most 
valuable foim, and plan his matings with a view to strengthening weak 
spots and intensifying the good qualities he seeks if he is to hope to make 
any real progress in his all-too-short lifetime. 

Figure 183 is a sample record card for use in a purebred herd. A sheet 
(this or a similar one) should be made out for each cow and kept up to 
date at all times. The reason for this statement is twofold r (1) the 
limited storage capacity of any brain, (2) the absolute necessity for 
getting production and reproduction facts out where we can sec them and 
use them. 

In our opinion there is only one best way to determine what cows to 
save heifers from, namely, tlicir own type and performance and their 
family. If heritability of desirable things in dairy cows were high, wo 
could select from our better individuals and let it go at that. Hcrit- 
abilitics for the things wc want arc generally low, which means that 
it will pay to consider family as well as the individual cow in deciding 
which cows to save licifcrs from. 

Wc described in the previous chapter how a herd could be set up into 
its rc.spcctivc cow families. It takes a little time to do this; but when 
once done, cow-family charts can be kept tip to date with very little 
effort — adding the new heifers when bom and renvernging the production 
performance for living cows whenever tliey complete a new' 30r>-dny 
period, or once a year. When rt*ror<ls liave been kept for a few yc.'in', 
it will be possible to bet the wliolc herd up gniphiwilly, ns is illustmtcsl 
in ISl; and when this can be clone, (he breeder C4in eliminate a con- 
htdcralion of the retention of certain calves as replacements even Iwfore 
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attention to choosing the better calves in the better families to 


the task of choosing a bull calf from another breeder's herd 
mil be greatly simplified nhen the breeder can display a chart of h 

nhole herd as indicated m Fig 184 may hear of a breeder mth^^ 

good proved bull and decide we would like a son of this bull We g 
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this farm and study the female lines as charted and try to pick our bull 
calf from a good female line, one in uhich each generation of females has 
proved to be better than the dams We find from the chart tu o or three 
cows meeting this requirement, and then we go out to the bam to make 
our choice between these calves on the basis of their owm and their 
close relati\ es mdj\ndualities Such a scheme of selection gives a double 
check We not only get a son of a good proved bull, but we secure lum 
from a line of females that has shown steady progress generation b> 
generation 

Two cow families are shown m Fig 184 Familj A is a good one 
familj B not so good The chart is to be read in the following manner 
foundation cow 101 had 2 daughters by sire 1, one (137) aieragot 
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in 6 lactations 13,240 lb. of milk testing 3.62; the other (127) averaged 
15,261 lb. of milk testing 3.71 in four lactations. - - In family B, founda- 
tion cow 116 had a daughter by sire 1 that averaged in four lactations 
11,431 Ib. of milk testing 3.33. The daughter 137 of foundation cow 101 
by sire 1 in turn left a daughter (159) by sire 2 that averaged in four 
lactations 13,980 lb. of milk testing 3.61; \vhereas the daughter (133) 
of foundation cow 116 by sire 1 left 2 daughters by sire 2; one of which 
averaged in four lactations 12,470 lb. of milk testing 3.37; and the 
other (147) averaged in five lactations 14,370 lb. of milk testing 3.13, 
etc., through the rest of the cliart. All the descendants of foundation 
cow 101 (there were 20 in all) averaged to produce 16,020 Ib. of milk 
testing 3.75, and all the descendants of foundation cow 116 (13 in all) 
averaged to produce 12,340 lb. of milk testing 3.34 per cent. 

It is obvious that from a production standpoint selection in family B 
should be stopped and selection of replacements confined to family A, 
with due attention given to type, longevity, ease of milking, freedom from 
disease, regularity of breeding, etc. If a breeder keeps records, he can 
analyze his herd in the above fashion, and only then is he in a position 
to select his female replacements intelligently. If he does this and uses 
care in the selection of his sires, there is no reason why he cannot make 
progress in building up a higher producing herd. Records provide the 
only intelligent basis for the art of selection. 

One possible way to lump together the effects of inherent producing 
capacity with regularity of breeding, freedom from disease, etc., is to 
compute the average daily production for each cow from the day they 
freshen as heifers until they leave the herd. This simply means dividing 
a cow’s lifetime production (standardized to a 4 per cent F.C.M. or par- 
ticular breed basis) by the number of days she remained in the herd fol- 
lowing her first calving. If she had high inherent milk-producing capac- 
ity and porsistenej'’ and dropped a calf on about the same day each year 
for a nurabor of years, her average dailj'^ milk production (milking days 
and drj" days) will be high. The dairj' farmer prospers or not depending 
on the average daily production of all the cows in Ins herd, so this figure 
for each cow and for each cow family can bo very useful in guiding 
selection. 

Some breeders find it difficult to think in terms of cow fnmllie.s arranged 
as in Tig. 184 where we start at the left and read to the right in ortlcr to 
go from nnce.stors to ofT.s'j)ring, \vhcrea.s in a i>o<ligree wc move from riglit 
to left as n'ge decreases. The material in Fig. 18t can be .shown as a 
IHMligree if one wishe.s by simply listing nil tlic off-.spring of tlie females 
on the bottom lino of tlie p(sllgree. 

U«H*a«se of the llmitaUons of space, we have himwn only the Hues 
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TfficuH calvms,, average tnne between ealves, and then work np 

“'SrlsTunagT^oth good and bad, run rn e.e famd.es, r e they 
are more hkch to be found in this family than they are m that o 
Here is a family which averages 10,020 lb of milk with | ^ Jert ojej 
•v^prairc of 5 G lactations per cow, has a type score of 83 2, requires i 
sorMcos per eonception, is seldom bothered with mastitis or abortion 



Another family a% erages 12 340 lb of milk w ith a 3 34 test over s 
a\eragc of 3 1 lactations per co\\ has a type score of 80 1, requires 2 a 
fccr\iccs per conception, and is bothered a lot >\ith mastitis and i'll 
“casting the ^^^thcn> ' a frequent accompaniment to calving -*-1 
breeder’s first job is to analjzc his herd, know his best cow families ai 
broaden the ba«e of his selection (make it more foolproof) by pay” 
attention to family, which is a better guide to genotype, especially 
\ oung animals, than is their mim individuality or phenotj pe 

It is gtncticalb unsound to select dairy heifers solely on the phenoty 
of their d ims It is not strange for a good phenotj pe to appear occasic 
ally m a poor family It is very questionable whether her ofTspn 
hbould be fca%ed Speaking gcnerallv, it would probably be better 
si\c from a Ics-s goexi phenotype m a good family than from a bet 
phinotype m a poor family IdealU, of course we should sa\c fn 
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good phenotypes in good families, the close relatives or family serving to 
fill in many of the blanks v’hich the animal’s own phenotype can shed 
little light on. If she is a young cow without any or with only one record, 
many pertinent questions cannot be ansivered directly — will she be a 
regular breeder? resistant to mastitis? long-lived? a consistent producer? 
etc. Time alone can supply the final and complete answers to these 
questions. But if the cow-family chart shows that all her close relatives 
have performed w'ell in these various regards, the chances are certainly 
greater that the present young cow will follow this family pattern. 

The most necessary lesson for American breeders to learn is that of 
thinking in terms of family groups. We liave analyzed many herds of 



Pia ISC — Ilolstcin bull, Clovercourt Ormsby Ro>n1 Blentl, a ton-ycar-old bull uliich ha** 
Bircd o%cr 17,000 ofFsprmR in tbo New York Artilicial Breeding Cooperative (Courtesy 
of S J, Bromidl, Cornell IfnivcrsUy ) 

dairy cattle and arranged the animals into their respective cow familic? 
Without exception wc have found breeders saving as many or more 
hcifcns from their poorer cow families ns they were from their bctlcr 
ones. Good and bad hereditary traits do run in families, and there is 
ample iustification for the old Scot's admonition to Ins son, “Sandy, 
never marry the only good girl in a family." What animal breeding 
most needs is to put a broader base (than individuality) under selection 
The best way to do this is to arrange one’s herd into its female lines au<l 
consider family along with individuality. 

Actually wc have not usctl individuality or phcnolj'pc very intelli- 
gently. Wo arc likeb' to take a cow's highest reconl as the measure of 
her genotype. This is unsound because fo many environmental hapjK'n- 
stances can make a recortl large or amall. LuhIi, from a study of repeat- 
ability of cow's record**, arrived at a figure of 0.1 for the tiMia! run of 
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performances into an average rd^utivps alone ""ith 

We can niden it still further by considering close 
the individual s phenotype The current herd average can P^^aps “ 
™ a point of reference It a breeder's herd average is non 450 lb 
of buttertat, he can rate each coiv by summating the folloivmg 


difference betireen con’s oivn average and ” "rage + 

0 5 difference between her sire s Regression Index and herd averag 


0 5 difference between her dam s average and herd average + or - ^ 

0 5 difTerence between her daughter’s average and herd average + o ^ 

0 5 difference betw een her full sister’s average and herd average + or ^ 

0 25 difference between her maternal grandsire s index and herd averag 

0 25 dinerence between her maternal granddam’s average and herd aver- 
age + or “ _ 1 _ r — 

0 25 difference betw een her half sister s average and herd average + ^ 

0 12H difference between her aunt s and uncle s performance and her 
average + or — 


This sum -f or — IS added to the herd average in order to get a more 
accurate estimate of each co\i s genetic or breeding merit than her ow n 
record alone can provide In this way all the females m the herd 
be listed m the relative order of their merit It must be understo 
that this figure IS relative not absolute If we know a dam’s performance 

through se\eral records we do not learn as much additional from her 
parents as the above figures indicate It is just a rough w ay of gathenng 
together the data from dose relatives to give a somewhat more accurate 
measure of an animal s probable genotype than her own phenotype itse 
can j icld T j^pe and other qualities considered important by the breeder 
can be treated in similar fashion 

^\ c cannot boc the genes m the chromosomes of our dairy cattle ® 
prt)bah\\ would learn nothing if we could because it seems unhkelj that 
thej bear nnv labels as to what thej arc or do Bj keeping recordsj 
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the breeder can begin to get some notions as to the probable kinds of 
genes his animals possess. This, in fact, is the only reason for keeping 
records. 

Other Considerations in Selection of Dairy Cattle. — There are many 
other considerations to be borne in mind in selecting dairy cattle, only a 
few of which will be mentioned hei*c. 

From a practical standpoint a dairyman desires to have a herd of cows 
that are not too high-strung and nervous, are easy milkers either at hand 
or machine milldng, and have teats which are neither too large nor too 
small and are well placed on the udder. He also desires cows that calve 
easily and without complications and those not particularly subject to 
going off feed or prone to develop udder troubles, such as leaky teats, 
mastitis, etc. He hopes to develop a generally vigorous strain of animals 
and a strain that maintains high production for a long time'during each 
lactation period and remains productive over a long period of years. The 
matter of longevity is especially important, for it takes about the first 2 
years of a cow’s productive life to repay the cost of growing her up to 
two years of age, or her cash cost if purchased. In addition, the range of 
selection is seriously curtailed if cows stay in the herd but a short time; 
in other words, the faster the rate of turnover, tlie less effective can 
selection be. To evaluate properly all the considerations that have been 
discussed in this chapter makes it imperative for the breeder to keep 
records. Many forms have been developed for this purpose, a sample of 
which is shown in Fig. 183. Most of tlie characteristics for which or 
against which wc select in dairy cattle arc the result of the combined 
action of Iiercdity and environment. Only with fairly complete recorded 
data is the breeder enabled to discover the strains and families within his 
own herd that have a preponderance of the genes which ho desires to 
increase and a minimum of those which he would like to rid himself of. 

Finally, the matter of cfiicicncy of feed conversion should receive some 
attention in making selections. Several investigations have dcmo!\- 
strated that variations in ability to convert feed in excess of maintenance 
requirements into milk exist among dairy cows. A study by W. T. 
Smith and one of the authors on the matter of efficiency of feed conversion 
among 42 cows in the University of Massachusetts Experiment Station 
liertl in 13G lactations over a period of 13 years showed efficiencies rang- 
ing from 18.12 per cent to 39.0 per cent, with an average efficiency of 
29.25 per cent. One cow put 39.G lb. of total digestible nutrients iiito 
the milk pail for each 100 lb. of total digestible nutrients fwl, another 
only 18.12 lb. In general, the higher producing cow.s wore more efficient. 
Any cow’s n»tc of efficiency was fairly constant at all ages, l>oing sornt'- 
wbut lower, of course, while the animals were still growing. One bull’s 
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lio 187 — Brown Swiss bull (top) Bradenhuret Rojal Challenger 76657 Grand Champ 
Imll at the 1919 Nat onal Brown Swiss Show He was owned and shown bj Charles 
Cl oatc Old Fltn harm M nona Minn and eow (bottom) Kojal 8 Rapture of 9 ^ 
ll&Ml Grand Champ on cow at the 1019 National Brown Swiss Show 
to tl e *l ow si e completed a nat onal champ on product on record for the breed of 29 0= 
11 of 1 22 t>rr cent mlh 12^ SI lb of butterfat in 30o da>9 3 tiroes aa a five-iea^ 
St ets owned b) Lee all 11 Farm Momstown N J {Courtesy of BrmenSicusCaUle Breed 
Aiioeiotxon.} 


VvCcpmK tlnn the a\cr\ge brcctler is equipped to protide but m 
breeders c-in point out cows in their bams that require smaller amou 
<>( high priced concentrates than do others for the same amount of I 
duction ITie high correlation liettteen amount of production and < 
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ciency of feed conversion makes it likely that selection aimed at higher 
production -will also to a considerable extent take care of the matter of 
efficiency of feed conversion. 

Only when a breeder knows his own herd average, both as regards 
anatomy and physiological functioning, is he in a position to tackle the 
all-important question of selecting his next sire. 

Pedigree Estimates of Dairy Cattle. — ^The fact that records are quite 
often available on the females* and daughters* averages or indexes on 
the bulls in dairy-cattle pedigrees creates a considerable temptation both 
to investigators and to breeders to try to devise means of apportioning 
values to the different ancestors and other relatives in order to arrive at 
a precise genetic value of the pedigreed animal. Sometimes the estimates 
come very close to the way the animal breeds, sometimes the miss is 
extensive. Sometimes one way of apportioning value seems best, at 
other times some other way. If the females’ records were never greatly 
influenced by the environment and the indexes of the males were secured 
without very great effects from ‘‘nicking,” from the environment, or from 
daughter selection, a useful scheme of evaluation might be achieved. 

Breeders should study carefully the pedigrees of any animals which 
they contemplate buying. They should try to ascertain (1) the con- " 
ditions under which the records were made and (2) how much weeding 
out of unfavorable material has been indulged in. They should pay 
particular attention to close-up ancestors and collateral relatives, but 
relatively little to remote ones. They should include as many close 
collateral relatives as possible in arriving at their estimate. They should 
realize that if they can get all the pertinent facts about an animal, they 
\sdU learn relatively Utile more by going back fvirthcr in the direct lines 
of the pedigree. They should know that only the most favorable data is 
likely to live in public print. They .should be wary of the auctioneer’s 
prattle about animal X being a half brother to a grandson of the Grand 
Champion at the AVlmtsis Expose. They must acknowledge the fact that 
knowing a pedigree ever so well still leaves one in ignorance of just what 
genes a sire and dam actually transmitted to an offspring. 

As said elsewhere, wc like to study the bottom lino of a pedigree very 
thoroughly and demand that those three sires and cows be well-proved 
animals. If one must arrive at a pedigree estimate by assigning value.s 
to ancestors, anc believe in doing it on tlie ba-sis of degree of rclationsliip 
and without compounding values in dirci*t ancestral line.s. 

Summary. — It is hoped that the discussions of thi.s chapter liavc made 
it evident that the ttusk of selecting dairy’ animals hhould be ImushI (juite 
largely on can'fully recor(le<l data. Reconls of production properly 
stnndardiml can yield an index of a buH’s tninsmitting abilitie.s for 
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amount ot nulk and butterfat test Records on the con s ^ 
ted can be so arranged as rcaddy to reveal the better ’ 

the herd Records of many other quaht.es besides ^ 

health, disposition, type, regularity ot breeding, etc , must bo availabl 


■vfas: 




n*-:* 


Fia 188 — Milking Shorthorn bull (top) Revelex Daisy s Warrior Imp Grand Champ’ 
bill! at Eastern States Exposition and Michigan State Fair Owned by Myst' 

l-arm Hope R I and cow (bottom) Maidstone Dairy Queen Grand Champion femaw 
Eastern States Exposition 1949 Owned by Last Chance Ranch Lake Placid N 
(,Courtt»j/ of Am«ncan Mxlktng Shorthorn Society ) 

if a brooder is to be eventually successful m establishing desirable qualit 
in and eliminating undesirable ones from his herd When sufficit 
records arc available in a petUgree it v onld seem to be possible to prod 
with considerable accuracy what a projected or newborn individual c 
be expected to transmit 
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Selection in dairy cattle is admittedly complex because many genes 
arc 'involved, the environment plays such a large role, and we must 
necessarily select for and against many things simultaneously. 

In breeding his o^vn replacements, a man should try to buy bulls whose 
pedigrees can be filled in with the sort of records that will give some 
idea as to what the bull in question may transmit to his daughters. If 
one cannot get a proved bull, he should at least try to get a son of a 
good proved bull out of a daughter of a good proved bull, and the inclu- 
sion of this daughter in a good family should receive at least as much 
consideration as her own record. 

In the purchase of bulls one should avoid those with no tangible 
evidence of freedom from disease, with sufficient age to be proved but 
lacking proof, with ‘'holes” in their pedigrees, with a serious lack of the 
marks of dairy quality, with some good but many poor close relatives, 
with evidence of weak constitution and general lack of size, with pedigrees 
too incomplete in terms of proved dairy production. 

In the purchase of cows, one should patronize only breeders and dealers 
of unquestioned integrity and never buy cows with no records of pro- 
duction, with no tangible evidence of freedom from disease, with meaty, 
pendulous, lumpy, or broken-away udders, with a lack of body capacity 
and udder capacity, ^ith short necks, chunky, meaty bodies, ulth narrow 
pelvis, short, narrow, droopy rumps, uith evidence of weak constitution 
and general lack of size, ulth a lot of poor close relatives. 

In the purchase of heifers, one should avoid those U'ith no tangible 
evidence of freedom from disease, with no prospect of a sound, largo, 
quality udder, with marked beefy tendency, with a marked deficiency of 
size for age, ■with a lack of proved dairy quality in their close relatives, 
■with sire of unknoum or poor dairy-transmitting qualities. 

The breeder must keep production records on all the females in his 
herd year after year for the twofold purpose of spotting the “boarder” 
and of providing himself an opportunity to bclect wisely in lus best cow 
families. 

Our first job as animal breeders is to: 

Analyze. Find out what wc have. IVc do this by means of complete 
record keeping. 

and, second, to 

Synthesize. Fit together known licrcditarj' materials in our animals 
into more efficient and more beautiful forms, and wc do this by systcm.s 
of breeding and selection. 

Successful diiirj'ing depends, in the final analysis, on the inherent 
milk-i)roducing qualities of the individual cows in the duirj’ lu'rd. For 
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efficient, economical production thcj must be healthy “"‘1 
nature uith the bodily mechanism and temperament that n P 
them to consume large quantities of feed and to conrcrt tins fee 
large quantities of high-quality mdk or or a long penod of years i 
order to ensure contmmng success for the industry, breeders must co 
tm e n ay s to create increasingly more efficient animals, and tlus ° ^ 
possible through the intelligent application of facts established throug 
honest and unprejudiced record keeping 
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CHAPTETl XXII 
SELECTION IN MEAT ANIMALS 
by 

Dr E J War\\'ick 

Basically the task of the breeder of meat animals is to produce animals 
i\hich -will more efficiently convert vegetable products (some edible bj 
man and some not) and inedible waste animal products into nutritious 
human food products of the quality which will appeal to the human 
palate In a world with constantly increasing human population and 
a consequent narrow ing of the margin of safety between w orld food needs 
and potential world production, it is essential that this conversion be 
made as efficientl) as possible From the standpoint of the individual 
commercial livestock producer, profit depends upon tw o things (1) the 
cost of production and (2) quality of product as reflected in selling price 
Thus, his interests m efficiency are identical with those of the population 
at large so far as the kind of animals needed is concerned 
In man> wa>s the task of selection in meat animals is simpler than is 
the ca«c m dairj cattle The principal favorable factors are (1) !Many 
characters of economic importance in meat animals are expressed by 
botii sexes , (2) man j such characters arc expressed before sexual matunty, 
thus making selection on the basis of individuality possible at much 
X oungcr ages , and (3) for at least certain characters, e g , carcass qualitj , 
there is a greater correspondence between tjpe of the live animal and 
true \aluc than there is between tjpc and production m dairy cattle 
Arrnjecl against these advantages are certain disadvantages which 
limit progress Of these the fact that we have no single end point which 
tan be u«od to moasure \ aluc is perhaps the most important As pointed 
out in an earlier chapter, selection for more than one thing reduces the 
amount of selection w hith can be directed tow ard any one thing Since 
meat animals must Vic selected simultaneously for economy of production 
and for quahlv of product and since both of these things depend upon a 
numlitr of factors some of uliich may be biologically antagonistic, the 
difficulty of the racat-animal breeder liecomcs quickly apparent Added 
to these things is the fact that quality of product can best be evaluated 
only m the carcass and lliat an animal studied in the carcass cannot be 
u-cd for brcedingl 
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It cannot be emphasized too strongly that while as an art the breeding 
of meat animals is old, it is very new as a science. Thus future research 
■\\ ork may well change some of our current concepts. 

The question of whether we should strive to breed animals which 
are good in terms of all-around value and then breed them “pure” or 
“straight” for commercial production or whether it is more feasible to 
develop certain strains which are superior in one character and then 
cross them ■\\ith strains superior in other characters for commercial 
production is one which must be considered at present as unanswered. 

Both proceduies have been used in the past, although the philosophy 
which has largely dominated the thinking of American livestock people 
has been that of producing desirable purebreds and then using them or 



Tia. ISO — Grand Champion barrow, 1048 National Barrow Show, Austin, Minn 
Ow ned and shown by Portage Tarmo, Woodvjlle, Ohio 

their high grades commercially. Even Athere crossbreeding has been 
practiced extensively (as with hogs), crosses have often been made to 
take advantage of heterosis between breeds which Imve each been 
selected along similar lines. The system of using strains which arc 
selected for all-around merit (even if used in crossing) is the most preva- 
lent in the United States, ^^ost of the material in this chapter nssumas 
a breeding system aimed nt the production of animals of all-around 
merit Some mention will be made of the vise of divergent stmins for 
crossing. 

The best example of crossing marke<ily different tjiics in the Unilnl 
States is the sx'stoin of crosshrcetling shvK?p follow cd in many range areas 
in tlie West. Animals of fine-wool hnnsllng (principally of (he ll.ain- 
houUlot hrccsl) pos.scsh the vigor, luirtliho<*cl, and flocKiiig instinct neces- 
S’lrj* for nuigi'-shcep prwluction but lucking in mast other breeds 'I'he 
fine-wool types do, however, l.nck sixe and mutton conforni.ation. Jn an 
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eflort to take advantage of the good quahlao« of both tj 
to often erossed with fme-nool encs for the production of market lamo 
rafeas vhere feed conditions are good enough for the production of fat 
Inmhs at neaning Even under these conditions, efforts are being 
to develop pure strains combining as much of the 6““^ qualities of Wh 
tvDCS as possible The ultimate success or failure of these efforts , 

tfa large extent, determine whether the current crossbreeding practice 

IS a transitoTj stage or a permanent part of the sheep industry 

“"in Great Bnlain considerable stress has been placed upon the devel 
opment of strains adapted to particular areas These adapted s ra 
arc used to furnish the basic stocks for commercial production, but a 
used m vanous crossbred combinations As an CKaniple of this scheme, 
consider the place of the Blackfaced breed of sheep used on the ruggea 
hill land of Scotland This breed is noted for exceptional vigor and tne 
abihtj to survne and reproduce under adverse conditions Hon ever, 
even nhen the environment is favorable and optimum, nutntion is 
pro%ndcd, carcass quality is still mediocre When ewes of this breed 
arc mated with mutton type rams, such as the Border Leicester, t e 
resulting lambs, if properly fed yield satisfactory carcasses The inalo 
offspring of this cross are sold for mutton while the females are 
to good pasturcland and bred to mutton type rams of the Down breeds, 
•with all the offspnng going for slaughter 

S> steins of sheep breeding simitar to this also exist m Australia and 
Hew Zealand jSichols'^ has termed this “stratification” of an industry 


and has pointed out that it may occur m time as w ell as space 

Type as the Basis for Selection in Meat Animals — ^Legend tells us 
that Bakewcll gaac attention to economy of production m his breeding 
operations and \anous animal husbandry wnters have stated that the 
master breeders of the past insisted upon high and economical production 
of meat before animals found favor w ith them It is, of course, impossible 
to check on the accurac> of such statements In view of the fact that 
satisfactorj objectne measurements of such things •were lacking, it 
appears more probable, howcaer, that most selection dunng the pioneer 
stages of h\estock impro\cment was based on \asual appraisals of body 
form or tj-po, just as has been the case up to the present time 

To a certain extent t>pe is production m meat animals, being related 
c'fjxa 1 illj to qualitj of carcass Tlie abilitj of trained judges to predict 
carcass grades from an examination of the live animal just prior to 
•“Isughtcr IS quite high if a considerable range of variation is present 
lln. nbihrt to prtslict small differences in carcass grades or scores of 
« Nitlilq IJIS for Butntnarj and reference to earlier papers 
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animals of uniform type from visual appraisal of the live animals is much 
more limited. This is illustrated by figures calculated from the work of 
Semple and Dvorachek (1930). Eight lots of slaughter cattle totaling 
66 head, including two lots of purebred Angus, two lots of “native'^ 
animals, two of first crosses, and two of second crosses, were graded on 
foot just before slaughter. The total correlation between live-animal 
grades and carcass grades was +0.87, but within lot the correlation was 
only +0.50. Apparently the judges were able to differentiate quite 
successfully between types but were less able to predict carcass quality 
of more or less uniform animals. 

The frequent disagreement of placing between ^'on foot” classes and 
the carcasses of the same animals in livestock shows where such classes 
are included is another illustration of the difficulty involved in predicting 
differences in carcass quality among animals all of which are presumably 
fairly satisfactory or they would not have been entered. 

Perhaps the point is that after the essential factors in good meat type 
are attained, visual evaluation is largely based upon details of conforma- 
tion which actually are of little or no importance in determining carcass 
quality. 

However, the broad agreement between type and carcass quality 
makes it imperative that the meat-animal breeder strive to have the 
essentials of good type in his herd. 

Without attempting to enumerate the various points to bo observed in 
evaluating the type of meat animals of the various classes, it can be 
stated in general terms what constitutes good meat type. Anatomically, 
the desirable meat-tj-pe animal is low-set, blocky, and compact. Ma.\- 
imum development of the loin and rear quarters and maximum muscling 
of the rib is sought, since these regions have the greatest market value. 
In the finished animal, smoothness and evenness of contour, mcllomicss 
and firmness of fleshing, proper degree of fat covering, and indications of 
quality in hair, skin, and bone are qualities sought by breeders, even 
though they may not be related to carcass qualit}'. 

Hammond,* together with several of his coworkers, has developed the 
idea that animals change in body proportions with advancing age, the 
young animal being largely head and legs but gniduall}' lengthening anti 
deepening with ago so that the proportions of the more valuable pnrt.s, 
such ns the loin and rc.ar quarters, arc increased in relation to the less 
valuable parts, such n.s the head, neck, and .slianks. In general, llio 
tisbucs tend to develop in the oixlcr: skeleton, muscle, and fat, but with 
additional growth gradients running from tlie cranium liaclcward and 
from the tail forwanl meeting in the region of the loin. Thus, for 

' StH? U.iinmontl, 1040, for tVixeusvion nnd trfcrcnws to r.nrlir'r iKijx-ni. 




TiQ. 190.‘ — Changes in body proportions of sheep with advancing age. The Suffolk, an 
improved mutton breed, is compared with an unimproved breed, the Mouflon. {Courteay of 
Dr. John UammoTid, Cambrtdge Univernty, Cambridna, England.) 


occur at earlier ages and continue to a greater degree. This process 
is illu.strated lor sheep in the accompanying figure. 

Obviously, the speed nith which these changes take place depends 
upon both the genetic make-up ol the animal and the plane of nutrition 
upon which it is kept. Animals have been developed which, under good 
nulritional conditions, are finbhed at lighter live weights than are 
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economical for the producer and lighter carcass weights than are desired 
by the consumer. Thus, correct meat type can be defined as the type 
permitting maximum development of the high-priced cuts and optimum 
finish \mder the nutritive conditions which wll prevail in a particular 
type of production and at carcass weights in demand by the consumer. 
Since climatic and feed conditions vary from area to area, and since there 
is variation in consumer demand, it is obvious that the same type of 
animal, so far as rate of maturity is concerned, may not fit all conditions. 

Correlations between type and the factors influencing economy of 
production seem to be of a much lower order than those between type 
and carcass quality. Thus, the best procedure in evaluating animals for 
these characters seems to be the use of production records. In spite 
of the generally low correlations between type and productivity, a few 
items are apparently highly enough related to productivity to make 
their consideration by breeders worth while. 

Type in swine has long been thought to be related to prolificacy, and 
the work of Zeller and Hetzer (1944) provides experimental evidence on 
the point. Herds of small-, intermediate-, and large-type Poland China 
hogs were studied. The intermediate- and large-type sows weaned litters 
averaging about one pig larger than those of small-type sows. The 
intermediate and largo pigs were heavier at birth and at weaning, and 
grew somewhat faster after weaning. Earlier work at the Illinois 
Station (Carroll et ah, 1929) in which groups of weanling pigs of types 
ranging from very cliufTy to very rangy were fed out, indicated that 
type was not a controlling factor in rate of gain, although there was a 
suggestion that the verj' cliufFy types gained somewhat more slowly than 
the other types. 

Tliesc experiments seem to indicate that if maximum prolificacy and 
growth rate are to be obtained in swine, a type wth at least reasonable 
length of body must be bred. 

Aside from a low relationship between size and rate of gain in beef 
cattle and sheep, most studies have 8ho\\'n little relationship between 
visual body-tj-pc characters and characters of productive importance. 

The greatest danger in basing scIection.s exclusively upon vi.sual-type 
appraisals rather tlian production rcconls is that ‘Tads” having no 
relationship, or perhaps even a negative relationship, witli Inic produc- 
tivity may come to be the dominant factor in selection. 

The dangers from such pmcticcs can Ijc best illustnttc<l by two examples 
in sheep. It waa long a.a.sumcd tliat sheep with wrinkle<l skin should 
liavo more area upon which to grow wool iirnl would therefore pnxiucc 
heavier fiecces (linn smooth-laxHccI types. Another apparently e<iua)ly 
logical assumption was th.at a rovering of wool extending well <lo\vn 
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over the face should be indicative of a strong 

therefore indicative of fleece production. These two “sumpt 

n<i tVip basis uDon which several breeds of finc-^v'ool sheep ^\CTC ^ 

for an extremely wrinkled condition and upon which both certain fin(> 

wool and mediuLwool breeds were Eclected for an extensive face covering 

—extending in extreme cases clear to the muzzle. 



rio. 191 — Creesed carcasses of large*, intermediate-, and small-typo hogs, slaughter^ at 
approximately 225 lb In weight {PromO G HankxnM.AStudyofCarcaMCharaclerielic**’^ 
iJelaJion to Type of Hoo, Amer. Soe. Anim Prod. Proc., 1940 ) 


Systematic studies over a period of years especially by the U.S. Depart- 
ment of Agriculture (Spencer and Hardy, 1928) and the Texas Agricultural 
Experiment Station (Jones et al , 1944) have shoivn that the wrinkly 
types do produce more pounds of grease wool than the smooth types- 
The differences practically disappear in scouring, however, so that the 
weight of clean wool produced ^ the two types is almost equal. In 
addition, the staple lengtli was longer in the smooth types, and fiber 
diameter was more uniform. Observation indicates that the smooth 
types are easier to shear and less susceptible to fly-strike. Thus, the 
evidence seems to be clear that the ivrinWy types do not have the wool- 
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producing superiority claimed for them and that they are undesirable in 
other respects. 

Extensive studies have likewise shown that extreme face covering is 
undesiiable. Probably the deficient pioduction is dependent upon the 



I'la 192 — Ahore, a champion B type IlanibouiIIet ram ahowinR heavy neck folds and a 
moderate degree of wrinkling on tho b^y. Belotn, a rango Ramliouillot rotn almost free 
from winkles Note the difference in degree of face covering m these two rams. (.Cottrieau 
of Bureau of Ammol Industry, U.S. Deparimatl of AprwtUure.) 

excessive growth of wool covering the eyes nnd causing *‘wool-blindncss" 
which interferes uith the ability of tho animal to food properly. Figures 
in Table 51 taken from a recent report of Terrill (1919) indicate that 
under range conditions llamhouillot ewes xtith covered faces are seriously 
deficient in lamb production. The last column in (he (able, intlicating 
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a difference of 11 I lb m lamb produced per e^\c bred, is especially 
Btnkmg 


Table 61 — -Reiation of Face Coverino to Lamb Production 


Face 1 
coveting 1 

No 
of 1 
ewe 1 
years | 

% ev-cs 
lambing 
of ewes 
bred 

% lambsl 
born of 1 
ewes 1 
lambing 1 

%hve 
lamba of 
lambs 
bom 

% lambs 
weaned 
of live 
lambs 
born 

Av 

weaning 

weight, 

lb 

% Iambs 
w caned 
per ewe 
bred 

Pounds 
of lanib 

weaned 

per cue 
bred 

Open 

Partially 

286 

95 5 

126 7 1 

91 9 

89 0 

76 3 

99 0 

75 5 

covered 

84S 

95 4 

124 2 

92 3 

88 1 

74 8 

9G 3 


Covered 

1 i.ss; 

’ 91 9 

119 7 

90 0 

88 6 

73 4 

87 7 

64 4 
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Not only were the covered-face ewes inferior in lamb production, but 
were not importantly superior in wool characters. A few statements 
from Terrill’s paper* give a concise summary of the work: 

Ewes with open faces piodiiced 11.3 percent more lambs and 11.1 more pounds 
of lamb per ewe bred than those with covered faces. Ewes Tvith partially covej ed 
faces weaned 8.6 percent more lambs and 7.7 more pounds of lamb per ewe bred 
than those with covered faces. Differences in. face covering within these groups 
were associated with corresponding differences in lamb production. These advan- 
tages for ewes with open faces occurred in spite of three periodic clippings around 
the eyes of all ewes subject to wool blindness. 

About 46 pel cent of the advantage of open-faced ewes was due to a greater 
number of lambs bom per ewe lambing; 26 percent was due to higher weaning 
weights; 19 percent was attributed to a liigher proportion of the ewes becoming 
pregnant; and 9 percent w as due to greater viability to weaning of offspring. 

Open-faced ewes excelled covered-faced ewes in lamb production at each 
year of age. The greatest advantage for open-faced ewes in pounds of lamb 
per ewe bred was found at 3 years of age followed in order by 2, 4, 6, and 5 years. 

The yearling grease and clean fleece weights and staple lengths of 2,499 Ham- 
bouillet ewes and the lifetime grease fleece weights of 7D8 Rambouillet eves were 
slightly greater for covered-faced ewes than for those nith open faces. The 
differences were not significant except for staple length and were not large enough 
to be economically important. 

The great economic importance and high heritability of face covering indicate 
that it should receive as much or more attention in selection than any other trait 
in sheep if wool blindness is a problem. 

The moral to be* drarni from such studies is obvious, namely, that 
present-day breeders should critically examine existing breed standards 
and, if necessary, research should be carried out to determine whether 
they are compatible wdth the production of the most efficient and profit- 
able animals. Obviously, such critical tests should be applied to fads 
which are certain to be started in the future before and not after they 
have become so widespread as to seriously handicap the usefulness of a 
breed. 

Evidence that responsible leaders among breeders are aware of the 
necessity of this approach comes from the fact that the American ITcre- 
ford Breeders’ Association is currently (1950) sponsoring research in 
cooperation with four state experiment stations on the question of typo 
in that breed. The need for such work arose from the facts tliat (1) 
ov'cr a long period of ycare, show rings have tended to favor an increasingly 
thick, compact, early maturing typo of animal which seemingly 1ms been 
nccompanicd by some loss of size and niggctlness, and (2) during recent 
years an uUracompact type known as “comprest” has arisen in the breed 

^Jour. /inim. Sci., August, 1910, j»p. 3C0-3(U. 
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following trends ' 

1 There were no eonsistent or grent ddferences m pounds of Iced ^lU.mUo 

^ke n pound of gnm m steer csUcs of ” 'T" 

type steers gumed less per day nnd consumed less teed per dsy. H 6 

and efficiency ^^cre not nssoci-iled between lbc«e groups 

2 Smell tjTC steers when killed at the same degree of tntne^ as eona en 
tvue steers w eighed about 150 pounds less than the larger type 

3 tT percentages of eareasses m the different wholes de eut, ^ 

identmal for the two types of steers Tlio carcasses of the sma 1 s eon 
aveighed 402 pounds, those of conventional type weighed 600 pounds a 

4 COTstnlrge, mtermediate, and small types have eaten 

during the wanter almost directly proportional to their body "' h 
Heifers, full fed, consumed hay relali\e to body weight, but required 
Biderably more hay per unit of body wciglit than did cows 


The worh. as being carried out at the otlicr three stations 
steers of small, medium, and large t>T>es w ith representatives of each t> p 
being fed out under three different regimes, namely (1) fattening y 
fuU feeding as calves, (2) grazing as yearlings followed by a dry-lot fatten- 
ing penod, and (3) fattening on grass as tw o-j ear-olds Quito po&sioiy 
the same type of steer wall not prove to bo best under all three types o 
management 

The position an individual breeder should take if some fad he knows 
to be uneconomic should sweep his breed is a question for though 
Should he follow the fad m order to produce animals for which there is 
an immediate market or should he make the financial sacnfice of staying 
with an un^popular but basically better tjpe? That this is not a hyp^ 
thetical situation is illustrated by the story of Peter Mouw of Orange 
City, Iowa 

Dunng the penod around 1900, and particularly during the few years 
immediately followng the turn of the century, the Poland-China breeu 
of hogs was swept by the so-called “hot-blood” craze m which selection 
was for an extremely small, short l^ged, refined, early maturing typ® 
of hog l^Ir Mouw ''nd a few other breeders believed this to be a 
basically unsound type of hog and continued to produce a more rugged 


^Bec! Breeding Research in Colorado, Progress Report, Colorado Agr Bxp Sta , 
July 6 1950 (mimco) 
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“big type,” whicli was often the subject of ridicule at the shows. The 
tide finally turned, however, and overnight these hogs became the most 
popular in the breed. Adherence to an ideal paid off with a small 
fortune to Mr. Mouw in this case. 

Many breed trade-marks are neither positively nor negatively corre- 
lated with productivity but are nevertheless a problem for breeders. 
The amount and distribution of wliite in breeds with white color markings 
apparently is very low in heritability. Genetic Icnowledge at present 
indicates that rigid adherence to a set color pattern is difficult, if not 
impossible, to fix. Therefore, if the breed requires certain markings, 
a portion of young animals rvill be ineligible for registry regardless of 
their excellence in other regards. Discarding these animals automati- 
cally lowers the amount of selection which can be practiced for more 
important characters and cannot help being a drag on the progress of 
the breed. A statement several years ago by the late E. M. Hnrsoh, 
secretary of the Hampshire Swine Registry Association, in which he said 
that “a few white hairs on the hind legs or a black spot the size of a 
dime in the belt is truly a long ways from a pig’s heart” seems to express a 
common-sense attitude toward minor deviations from a set color pattern. 

To summarize out discussion of type, it can be said that the breeder 
should endeavor to select for the fundamentals of good meat type — ^items 
known to be positively ooreelatcd with true worth and regarding which 
our ideals are not likely to change greatly rrithin the forseeable future. 
On the other hand it is imperative that he not espouse a new fad until 
it has been shorvn to be clearly superior to existing types. He should 
avoid placing undue emphasis on “frills” or “fancy points,” even if 
they are in themselves harmless. 

Use of Production Records as a Basis for Selection in Meat Animals. — 
Since meat animals are kept for profit, it would seem axiomatic that 
selection should be directed principally toward those things which have 
a direct influence on productivity (in the broad sense) and thus on 
profitability. If type were perfectly correlated with productimty, it 
could logically serve as the sole basis for selection. Since, as we liave 
seen, tliis correlation is at best of a low order, a priori reasoning indicates 
that sdeotion could bo better it based on actual production records 
tlicmsiclves. Selection for type will then be automatic in so far as it is 
correlated with productivitj'. 

Tlio ease of measuring speed, milk production, and egg production, in 
racehorses, dairj- cows, and laying hens, respectively, led to the use of 
praluction or performance rccord.s in selecting breeding animals in these 
cliissca of stock long before such rcconis were used for meat animals. 

The problem of using prcxliiction rcconis in meat animals is more 
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difficult thin m 

breedmg meat considered, nUhmiBli the exact imporUanco 

of the things xvhich should jj prohahly vanes 

xilnch should bo gixcn to cac nroducing for a discnminal- 

Xh dCfnt ty for nuahty, economy of production is the most 

'Xemfle record-of-perlormancc proeerUires for eaeli elaas of lixestock 
have been developed nhich should scrx'c as the basis ^ogeny 

less of whether selection is based on mdixidun ht>, P^' 
test The use and limitations of such procedures mil bo discu 
later sections on each class of animal arc 

Certain general procedures must be folloncd if production roc 
to be kept and used for selcotmg breeding nnimals Accurotc PO^ S 
records Lst be kept, and each individual animal must be po lUvely 
identified by means of ear notches, car tags, brands, or tattoos A 
records of birth dates must bo kept, and nciglit records must bo ta 
at eertaiu specified ages In so far as possible all young nmmals shoino 
be raised under similar conditions of care and management, smeo rc 
of relative growth rate would be worthless from a genetic 
if animals had been fed differently Animah should be kept unfl 
practical conditions, since records made under forced conditions (su 
as wnth nurse cows) may have little relationship to true value unU 


normal conditions , 

Thus, it can be seen that the keeping of production records represen 
an expenditure of time and labor — an expenditure which is highly wor 
while, however 

The exact record forms to be used will depend upon the person using 
them Some forms which have been found satisfactory are given later in 
this chapter They will serve as a source of ideas for the person w 
desires to design his own records 

Although production testing may be worth while as an aid in culling 
the female side of a herd or flock, it loses most of its effectiveness if sires 
wthout production records are contmually introduced into the herd 

Thus, most of the discussion m the remainder of this chapter assumes 
either (1) a closed herd with home-produced sires being used or (2) the 
purchase of sires from production-tested herds In the latter case a 
purchaser should study the environment of the herd where sires are 
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produced in relation to that of his otsu herd to be sure the production 
records do not depend upon skillful management alone. 

Relation of Environment to Selection in Meat Animals. — ^It has long 
been recognized that animals of improved meat types tend to resemble 
unimproved types when raised under suboptimal nutritional conditions 
—hence the origin of the old saying that “half the breeding goes in the 


PLAN OF EXPERIMENT 

live WEIGHT GROWTH CURVES TO BE SECURED BY QUANTITATIVE CONTROL 
OF THE PLANE OF NUTRITION. 

(DIFFERENCES IN SHAPE OF GROWTH CORVES BETWEEN AIL TREATMENTS TO BE 
ACCENTUATED IF POSSIBLE) 
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Anerfon/f.) ' 


maiilli." Moulton cl al. (1921 and 1922) sliowwl that in ratllo II, o 
li-'MiCfl, lK>np, loan, nnd fat, were dim-rpnlially nfloctod l,y „ j, ‘ ' ' 
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in othpr hppcioa of farm animals. y 

MpMr,').nn (1910-1911) m.ada a dptailr.1 Utidj- „f 
rarra.i com]H«lion of pica of an inlmal lorh.’iirr Kra;„ and 

liiith lo a rlaiiKhtpr ivriKhl of 200 II.. on «ri.r!, from 

n.-m dividi-.! al l.irth into tno (ttxaipi. with o;.. f„j J'isrr 

tho oth. r on a ho' piano lor Ihr f.tst It'. v,.-r.I,. ' rt. planr an-; 

11 . o pJr, on piano of iniUiiion w. m »hift,.! 'hit timr I-* ' 

'-'t'fw tl.a! f“ 


658 BltKEDING AND IMPROVEMENT OF FARM ANIMALS 

nutrition,.! regimes lesnlted, namely, gtoups ted on (1) '“f 

birth to slaughter (high-high). (2) a Ing 1. plauo from 

and a lo.v plane from that time to slaughter (high-lo.v), (3) a loy 

from birth to 10 weeks and a high plane thereafter (lo.v-high), and ft) a 

low plane from birth to slaughter (low-low). 

It was found in this work that if the pig is grown so slo.vly ns to 
stunted early in life, the early growing parts of the carcass, sue i . 
head, legs, and bone and to a ies,scr extent muscle, arc pcrm.anenl 
reduced in size, Wlicn these animals arc later put on a high p ane oi 
nutrition, the later developing parts, particularly fat, grow rapidly am 
result in a carcass too fat for bacon. Conversely, pigs fed from )i 
on a high plane have a rapid development of the early growing parts an^ 




I ’ uVife,)’'. ;■ *■ 

Fio. 195.--In£luence of piano of nutrition upon carcass composition of bacon 
tratedby cross sections at the last rib. Pic 83, killed at lOS days of ace. malntainw o 
plane of nutrition throughout life. Pic 88. killed at 196 days of ace, was chancoti , ® # 

plane of nutrition at 10 weeks. Pic 89, also killed at 100 days, crown on n low , 

nutrition the first 10 weeks. Pig 90 was maintained on a low plane of nutrition throuc 
and required 315 days to reach the standard daughter weiclit of 200 lb. (Courtesy 0/ 

C. P. McMeekan and Dr. John Hammond, Cambrutgo VnirertiJg, Cambridge, England.) 

if later put on a low plane of nutrition produce carcasses with a high 
content of lean. In a similar experiment with sheep Verges (19.3J; 
showed that carcass composition may be materially altered by controHin? 
the shape of the growth curve. 

These experiments and others which could be quoted point definitely 
to the fact that environment exerts a control over development. The 
animal breeder is vitally interested in the questions of (1) how to properly 
evaluate known differences in environment so far as their effects on 
potential breeding stock are concerned, and (2) what type of environ- 
ment should be used in breeding foundation stocks for ultimate commer- 
cial use. 


The old saying, that “fat is a good color,” shows that the first of these 
problems has long been recognized. From the standpoint of the sales 
value of an animal it often happens that putting on a degree of finish 
far and above what the animal needs for proper development \rill improve 
the appearance (apparent type) enough to be a profitable investment for 
the seller. This is apparently the principal reason for the high and often 
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excessive degrees of finish so often seen on meat animals in our shows and 
sales rings. 

The question the practical breeder, interested in true improvement 
more than immediate sales value or show-ring glory, has to answer is 
how he can logically make allowance for differences in environments to 
which various animals have been subjected during growi;h. There 
appears to be no absolute rule which can be laid down, but certainly 
the growth rate and apparent type of an animal should be discounted 
somewhat if it is kno’^m to have been forced unduly. Conversely, an 
animal reared under poorer-than-average conditions should be given some 
credit over and above what its record and appearance would entitle it to. 
In some cases, such as the difference in growth betw'een twin and single 
lambs, it is possible to determine the average effect of a certain environ- 
mental factor and make suitable adjustment for it. 

The question of what environment a breeder should provide for his 
animals is a broad question for which no one answer can be given. It has 
sometimes been assumed that animals should be bred in the best environ- 
ment possible and that the commercial producer who will use the animals 
produced should strive to bring the environmental conditions under which 
he raises his stock up to the same level. 

This viewpoint is unrealistic because there arc vast areas, such as 
range country, subtropical areas, etc., where environmental conditions 
can in all probability never be made ideal but which can if properly used 
support large numbers of meat animals and add tremendously to our 
meat and wool supplies. The same argument applies to the utilization 
of much feed that would othennse be waste in areas where more intensive 
agriculture prevails. 

The prevailing opinion among animal-breeding specialists in the United 
States seems to be that animals should be bred and selections made 
under the same environmental conditions where their descendants will 
he used commercially. This general plan would seem to have much 
to commend it since adaptation to the environment at hand is the first 
essential for successful production. 

The folly of departing far from this plan can I)o iIKi.>3tratcd by the 
general low pro(hictivily of our common brcctls of beef cattle when 
placed under tropical or subtropical conditions where their thermo- 
regulatory mechanisms arc inadequate for keejung bod^* tcmpcniturcs 
<ioun. The development of tlu^e brec<ls in temi>cratc clima(<i.s has not 
filttsl them for u.so in hotter areas. 

At the present time there is a couMdcnible amount of effort !M*ing put 
»Uo the development of stnains of l>oef cattle suit.ablc for ii.ve in lli« 
fcoulhom regions of the United States and containing various fx-rrentagos 



ff,0 imin>i'~r, i\i> ninio\tMi'.TOf Hint 

of the blood of Zebu or Afneauder eittlo rrb.eh corrr .nnro Ren. . for l.^t 
ond msect rc.su,t rnce tb -n arc pnsont m our We ImaHls 
knoun of these is the b.mla Gertrudis (Uhowh ,1010) which is “ > 

established breed It would Mtra iiMomnlte th ,t .h r chipment of M ^ 
tjpes should continue m that rtgion, esen IhoiiKh rtRions with tall 

feed conditions miRhl be found 

Hammond (1910, 1917) has de\elop«l a point of Mew whirh (lillirs 
somewhat from tli it outhnc.1 nhosc He feels that, if the J™''"’™ 

IS so poor as to put a eirtual ceilinR on divelopnienl there will Ik miie 
chance for inherent difTtrcnccs in t,ammK iihilitN, tjpc, or nro<liirtion o 
\)C cxprcssctl tvnd that under mich coiulitions there is little or no 
for a selection program to be cffcctuc He therefore rtcommeiids t la 
if we arc attempting to make impro\ement m a given chanirttr we 
should place the animals m an environmint which will develop tha 
character to the utmost and then make bclections from among thoJ-c 
which show it to the grealcsl degree, even if the dcscindanta art later 
to bo used under poorer conditions 

>»o experimental evidence is available to indicate which of tlic^e 
divergent vicwpomU is correct Ihc most common proce<lurc to dito 
m the United Stales seems to have l>ccn more in line with Hammond s 
view point Our purebred herds and flocks h iv c for the most p irt been 
maintained in areas where feed eonditions arc good and other environ 
mental conditions not extreme \nimals from thc^o hcnls liavc then 
provided foundation stock for commercial production m all anas of the 
country This situation together with the nation wide promotional 
activities of many of our breed associations has sometimes tendcsl to 
result in animals of the same general tjpes and brcctls being raised m 
virtually all parts of the countrj regardless of their adaptation 

Since meat animals arc often mamtainwl in this countrj under range 
conditions or other tjpes of environment which maj not be adequate 
in many eases to produce animals witli enough finish to meet market 
demands, it is common to use such areas as breecling grounds, and to 
move the potential market animals into an area where better feeding 
conditions prevail for a fattening penod before marketing Such animals 
must thus have the abilities to (1) survi\e and grow under subopt imal 
conditions and (2) fatten readily and produce desirable carcasses when 
given the opportunity 

Therefore the logical system to use in producing sires for use m range 
herds and flocks would seem to be to maintain the purebred breeding 
herd under typical range conditions and raise the potential sires to 
weanmg there A preliminary cullmg could be made at weaning eh*® 
mating those which are undersized or othcn\i>!e undesirable Tlic 
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remaining animals could be put on feed and further culling done on the 
basis of rate and efficiency of gain and apparent body type after a feeding 
period. 

Selection in Swine. — From a breeding standpoint the following items 
are of primary importance in determining the efficiency and profitability 
of s\vine: 

1. Litter size. 

2. Weight per pig and per litter at weaning time. 

3. Daily gains between weaning and marketing. 

4. Efficiency of feed utilization. 

5. Body type or carcass desirability. 

Although greatly influenced by herdsmanship, the number of pigs 
farrowed and raised and their weight at weaning time together form 
the best measures we have of prolificacy and mothering ability of sow^. 
They are particularly important since they have a tremendous influence 
on profitability. On the average, a sow will have consumed a total of 
1,500 to 2,000 lb. of feed during the period between breeding and the date 
her litter is weaned. If this all has to be charged against a litter of only 
four or five pigs, the chance of eventual profit is small. In addition tP 
number of pigs farrowed and raised, the weaning weight of the pigs is 
important since it has been defimtely shown that the pigs which are the 
heaviest at weaning time reach market weights the soonest. 

Daily gain from weaning to market weight is important because tha 
fast-growing pig is on hand fewer days, thus requiring less labor and 
fewer days of shelter and exposure to risk of disease. Another important 
of gaiw wad officicacy of food atdfxwtAoa arc- 
related, the correlation having been shown in several studies to be about 
+0.70. With this relationship and the difficulties of keeping feed records 
under practical conditions, most breeders A\'ill be content to select for 
efficienci' of feed utilization indirectly through selecting fast-gaining pigs. 
In selecting primarily for rate of gain, there may be danger of selecting 
for excessive fatness since, as discussed later, these characters ma}' be 
correlated to some degree. 

As is to be expected, the estimates of heritability for various cliaracters 
in suine (Table 52) show con.sidemblc variation from studj' to study but 
do show general trends. The heritability of litter size at birth is evidently 
low, only two of the nine estimates being over 22 per cent. Most 
investigators Imvc found heritability of this important character to bo 
hiss than 20 per cent. Three estimates of hcrital}ility of litter size at 
al)out wtMiiing age ningo from 17 to 31.7 per cent, indicating that thin 
clmnicter is likewise low in IieritnbiHty. Similarly, wciiiiing weight of 
litter is apparently low in heritability. 
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1 

Cliaractcr 1 Ij 

ent i- 
ihtj, 

Method tiM d to 
dcti nrnnt hcntnlolilj 

llcftrxncc 

Litter size at birth 

17 M 

10\ 

11 5 J\ 

21 7 I 

21 J 

[nil ninl lmlf*«b litters 1 

atimntcil from published ^ 
•eports of \ inous workeni 

Internal half-sib htten 
k\craRc of 3 methods 
ntrasirc rogn inion 
t\crngc of 2 methods 

ushniid Molln (1012) 

[ ush and Mollii (1912) 

lletrer ft at (1940) 

Stewart (1915) . 

Cummings ft «t (1017) 
ntuim and Raker (1910) 

Litter size at \\ can- 
ing 

17 

22 i 

31 7 1 

ttatcrn'il halMih litters 
\\cmgc of 2 methods 
[ntrasirc regression 

Lush and Mollii (I®]'') . 
Rlunn and 11 

Cummings ft at (1947) 

Ijillcr size at 70 
(lays 

20 

Maternal half-sib hltcre 

Ilctzcr ft nl (1910) 

^Veanlng eight of 
litter 

18 

7 4 

37 

Maternal baU-sib litters 
Intrasirc regression 
Average of 2 methoils 

Lush and Molln 

Cummings ft at (1017) 
Rlunn and Baker (10-19) 

SurMval 

■EQ 

Intrasirc regression 

1 Cummings el ol (1017) 

Pig weight at SG 
days of age 1 

0 

15 

0 

13 G ' 

Intrasirc regression 
Paternal half-sib 

Paternal baU-sib 

Paternal half sib 

1 Comstock ft nl (1042) 

Raker ft ol (1013) 
Nordskogftfll 
luridcr ft ol (10 IG) 

Fig weight at 180 
days of age 

14 

20 

62 

30 

40 

30 

23 

19 

23 9 

Intrasirc regression 
Paternal haU-eib 

Intrasirc regression 
Intrasirc ofispnng-dam 
correlation 

Full Bibs, not htter mates 
Regression of variance tc 
genetic relationship 
Paternal half-etb and 
trasire regression 

Line differences due ti 
selection 

Paternal half-sib 

Comstock ft ol (1912) 
Whatley (1012) 

WTiatlcy (1912) 

W hatley (1942) 

WTiatley (1942) 

. Whatley (1942) 

■ WTiatley and Nelson (1942) 

) Kruler ft ol (1946) 

Krider et al (1946) 

Market score s 
slaughter 

it 33 

Average of 2 methods 

WTiatley and Nelson (1942) 

Conformation sco 

re 20 

Intrasite regression 

Stonakcr and Lush (1942) 

Type of score 
Within strains 
Between strau 

38 

IS 92 

Paternal half-sib 
Paternal half-eib 

1 Iletzer el at (1944) 
Iletzerelol (1914) 
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All estimates of the heritability of individual pig weights at 56 days of 
age are low, indicating that weight at that age is largely a function of 
the nursing ability of the rather than of the pig’s own genes. After 
weaning, however, the pig’s own genes evidently exert their influence, 
and heritability increases to possibly about 30 per cent at 180 days of age. 

Heritabilities of various type and conformation scores average around 
30 per cent in studies where only animals of basically similar types were 
studied, but in one study where strains of different types were considered, 
an estimate of 92 per cent for the heritability of type score was found. 
The latter figure probably explains why breeders have been able to 
alter hog types rather rapidly upon occasion in the past, while the figure 
of 30 per cent ndthin strains indicates why further improvement often 
seems to come so slowly in a herd already fairly good. 

In order to put the above figures in more practical terms, let us consider 
a hypothetical example. If the inheritance of these characters were 
assumed to be all due to additive gene action, if we assume that litter 
size weaned and Utter weaning weight are each 20 per cent heritable, 
and 180-day weight and conformation each 30 per cent heritable, and 
that we have herd averages for the various items as indicated, then the 
progress to be expected from one generation of selection would bo as 
shown herewith. 



Av, of 
herd 

Selected 

individ- 

uals 

Av, 

selection 

advantage 

Herita- 
bility, % 

Expected 
perform- 
ance next 
generation 

Av, No. of pigs Moaned. ... . 

0 0 

G G 

+0.6 

20 

G 12 

Av. litter weaning M-oight. . . 

180.0 

198 0 

+18.0 

20 

183. GO 

Av. individual ISCVslay M'eight. 

180.0 

195.0 

+15.0 

30 

181 50 

Av. typo score • 

5 

7 

+2 0 

30 

5 G 


•Graded on a scale from 1 to 0 tvilU 1 licfne inferior and 0 excellent. 


The selection advantages indicated for each cliaractcr arc approxi- 
mately of the size it has been found possible to make in herds of the 
llcgional Swine Breeding I-4iboratory when selections arc made largely 
upon the basis of production records. 

The gains expected for any one character arc relatively small and, 
even if tljcy were all atfuinotl genetically, environmental difTeronces from 
year to year arc groat rnotigh to make it diflicult to know whether progress 
is being made until riH’onls liave l>oon kept for .scveml years. 

There arc scvcnil reasons for l>cllc\’ing that tlic figure-s given are them- 
selves loo optimistic when all factors arc being considennl at llie wiine 
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time The bases for this statement are (1) Recent unpublishcil studies 

at several stations^ participating m the Regional Siune Breeding a 
tory ha\e showm that the expected advantages from selection have n 
been rcabzed These studies arc complicated bj the fact that most 
the lines studied are being inbred and this may be depressing performance 
more than realized Then, too, the studies cover a penod of orily a leiv 
years (2) There is a continuous automatic selection for litter siz 
which has apparently been going on for centuries inthout raising average 
litter size above its present modest average 

This last point is something which has apparently not been considere ^ 
in previous animal-breeding texts and which maj need a w ord of explana- 
tion To understand this, it is neecssarj to differentiate between 
“average litter size raised” per sow farrowang and “axerage size of litter 
tn which raised” for the pigs raised To make this clear, let us ^onsi er 
an actual example of a group of 12 litters bom to gilts m an inbred line 
on a Purdue University farm m 1948 


Size ol litter 
(Iso of pigs raised) 

No of 
litters 

Total No of pigs raised 
in btters of this size 

Litter size X 

No of pigs raised 

8 

1 

8 

64 

7 

1 1 

7 

40 

6 

5 

80 

180 

5 

2 

10 

50 

4 

1 

4 

16 

2 

2 

4 

8 

Totals 

12 

63 

307 


“Av litter size raised per sow farrowung = = 5 25 

“Av size of litter in which raised per pig raised = = 5 82 

If a person selected breeding stock from this group of litters entirely 
at random so far as litter size was concerned, he would be making ^ 
positive selection of 6 82 — 5 25 = 0 57 of a pig per litter over the average 
of that generation This is, of course, due to the fact that the larger 
litters have more pigs available The previously mentioned Regional 
Sivine Breeding Laboratory study indicates that a high percentage of 
the selection practiced for btter size is of this automatic type 

It IS possible that m breeders herds animals from small litters are 
better growm and are therefore selected for breeding purposes with a 
resultant lack of positive sdcction for litter size The fact that there 

•Iowa Is ebraska, Missouri Illinoia Indiana Wisconsin and Oklahoma stations 
data are now being summamed for pubbcation by Dr G E Dickerson of 
Missouri 



SELECTION IN MEAT ANIMALS 


6C5 


is by no means an absolute negative correlation between litter size and 
rate of development, together with the fact that many breeders have 
consciously selected for large litters, makes this seem unlikely. 

If, as seenxs likely, litter size is failing to respond to selection as rapidly 
as it theoretically should, the reason is probably either (1) prolificacy 
depends to a certain extent at least upon overdominance,” with the 
best performers being heterozygous for a larger-than-average number of 
gene pairs, or (2) there is a negative correlation between prolificacy and 
certain other factors so that when we select for some of these, such as 
rate of gain, we indirectly select for smaller litters and override any 
actual positive selection we have made for litter size. 

No positive evidence for overdominance” has as yet been advanced 
with swine, although the possibility that it may exist cannot be over- 
looked. Dickerson and Grimes (1947) and Dickerson (1947) have 
presented convincing evidence that in the material vith which they 
worked rapid gain was correlated genetically with (1) rapid fat deposition 
(r « around 0.60) and (2) low feed requirements (r = 0.78). The data 
Strongly suggested that poor suckling ability may be caused by the same 
^enes responsible for rapid fat deposition and low feed requirements. 

Blunn and Baker (1947) working with a different herd of hogs found 
po significant genetic correlation (actually slightly negative, r “ —O.O-l) 
between rate of gain and carcass fatness as estimated from back-fat 
thickness. No data on feed requirements were kept in their experiment. 
iWinters el al. (1949) in an experiment where rate of gain was controlled 
by limiting feed intake during certain periods of the feeding period in 
some Jots found that the sJower gaining Jots had tower feed requirements 
and produced leaner carcasses. They rightly point out that genetically 
slow rate of growth may be quite a different thing from environmentally 
controlled slow growth. They also point out on the basis of other data 
from their swine-breeding project ‘*that a high rate of gain, economy of 
feed utilization, and a quality carcass can be combined.” 

Quite aside from the experimental data on the subject, a priori reason- 
ing (always a dangerous procedure!) might bo taken as indicative of a 
negative relationship between maternal ability and rapid fattening. 
Bacon hogs arc commonly reputed to raise larger litters tlian most lani 
breeds. Likewise in cattle, no one has yet succeeded in combining the 
best beef tj’pc with maximum milking ability. 

If there is a strong negative association between rale and economy of 
gain ami maternal ahtlily, the incrciisoil u^c of croshhrci'irmg or crossing 
of inbrcii lines for commercial production isMiggcstc<l. Dickerson (1917) 
makes the following auggostion* from hi« data: 

’ Affr, Exfii. Slit. Jlet. liuK S.'Vt, OcfolM'r, 1017. 
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crossmE of different =traiiH o „„l,nc,cv mitcd to bo ire from n slnin 

rafo""bi’:id eel of ro,t-,eamnE Eoms Mould B-to nui.mum 
litter performance 

Rcgnrdlcss of Mhether tins nisocretion exists, it is far from 
fen Imclr Btrains of bogs are being det eloped by 
raie ebarseter only Tbc economics of prmlucing breeding st 
,t probable tint a lino extremely defieient in 

tionallv good in groiitb rate or Mce xersa could not be probta > 

Thus, nemll bate to continue selecting nnimalsforrcasonab era 1^ 

in aU qualities It is true, boiieier, that existing sinne '>ro«ds *der 
significantly in certain cbaractenstics, iiitli some being st™ g 
ebaracter and some in anotber Tliese 7/ ‘’X’f,„„t,on 

ebance fluctuations in gene trcqiiencj or upon tbe tjpe o 
Mbieb baa been practiced in tbe xanons breeds As 
developed, they bkoa ise differ from eacb otber Judicious , , 

take advantage of these differences and may prove to bo tbe mcima 
^^hlch ^Mn give maximum performance 

Even if reasonably high mcnl m most characteristics is ^^cceptca a 
the aim m SNsme breeding a question >ct to be answered is that of >sn 
system of selection \nll result m maximum total progress o\cr a pen 
of several years or generations Should selection be solely for one 
until it is improved, then for a second until it is impro\cd, 
finally nil characters have been improved to the desired le^cls 
should selection be made simultaneously for all desired traits b> u«n 
some index of net merit arrived at by adding into one figure the 
or penalties given each animal for its supenonty or mfenority m ea 

trait’ Finall>, should a method be used in which all traits are consider , 

but animals are culled if they do not reach a certain le\ el 
regardless of excellence in otber traits? Terming these the “tandem, 
“total score," and “independent culling level" methods, 

Hazel and Lush (1942) amved at the conclusion that the tandem 
of selecting first for one thing and then for another could be expecte o 
be considerably inferior to either of the other two methods The to 
score method of selecting for several traits simultaneously should 
superior to the method of independent culling levels The latter may 
be useful in cases where some culling has to be done before all trai 
can be evaluated 

In spite of the admittedly dow rate of progress usuallj made in selec 
mg swine, there is ample evidence that our present hogs show marKe 
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improvement in growth, fattening'" ability, and other characters over 
their wild ancestors, thus showing that selection can be effective in 
bringing about improvement. 

The best data showing definite improvement in swine over a period of 
years come from the records of animals fed out in the testing stations in 
Denmark as part of the sudne progeny-testing system in that country. 

The Danish system of swine breeding, as summarized by Lush (1936), 
is based upon a group of state-recognized breeding centers, where a high 
percentage of the boars used for commercial production in the nation 
are produced. The breeding centers are visited twee annually by a 
committee representing farmers^ organizations and cooperative bacon 
factories and scored for numerous items including type and prolificacy 
of breeding stock, management and general appearance of farm, and 
health of animals. Each year the breeding centers are obligated to 
send enough test litters of four pigs each to average t^vo pigs per sow 
in the herd^to testing centers. The test litters are fed out under standard 
conditions and slaughtered at about 200 lb. live weight. Records are 
kept of rate of gain, efficiency of feed utilization, and several carcass 
measurements and scores. 

Annual reports are issued which include tho above information for 
each center. These reports are designed to serve as a guide for tho 
purchase of breeding stock and the establishment of breeding programs. 

The first of the testing stations was established in 1907, and the work is 
still progressing under a plan which has changed but little since its 
inception, except for an interruption in the First ^Vorld War. 

The follmring figures, calculated in some cases from graphs presented 
hy Lush (1930) and in other cases from graphs and figures presented by 
Clausen (1949), indicate some important changes which have taken place 
in the performance of Danish Landraccpigsfcd out at the testing stations: 


. 

1900-1910 

1924-1925 

1917-1918 

Av. daily gain, lb 

I IS 

1 32 

1.40 

Av. food required per unit gnuj. . 

377 

357 

319 

Av. ngo nt 20 kg. live weight, tlnys. . . . 



74 

Av. nge nt 00 kg. live weight, days.... 


180 

ISO 

Cln>w 1 bncon sides 

■ 

■10 % 

90*^ 


Detailod data (Clmmon, 1919) indicate that progityw in lowering fo<Kl 
re(|iiiremcnts per unit of gain lm.s In'cn hliglit during the psist doren years 
or so. Tho fipircs show (hut jncrea.sca in mte of gain while on tost have 
bi'on accompanied by inert'.n*>esm agent 20 kg. live weight. This suggest i 






GGS BREBDAG A\D niPROVFME\T OF F^^^t AMMAIS 


that sckohon for rapid gams on test maj result m 
for lowered milking ability in sons and thus for loner gams m pi^du g 
tho nursing penod Although rate of gam on test Ins ■■'=>^<=^““ ^11 
per cent since 1924-1925, the decrca*K5 m age at 90 kg live -neigh 
Len on]> about 3 per cent In apitc of this possible antagonism, 
must be remembered, houc%er, that the decrease of G dajs m age at J 
hg li\e u eight represents a real gam 



Fig 106 — Graph showing trends in cnrcaas length, back fat thickness and bellj thicVn^ 
in carcasses of Danish Landrace bogs fed out and slaughtered in testing stations in the Danis 
swine progeny tosting program (JtedravmbvT IT Prrry of Purdue Uniternty from {ToP 
presented bj/ Clausert 1019 ) 


The accompanjung figure, adapted from Clausen (1949), shows that 
progress ha.s been made m mcreasing body length, increasing bellj thick 
ness and decreasing back fat thickness Progress during the past few 
\ ears has not been so rapid as earlier, howe\ er Doubtless this fact is 
an illustration of the principal that progress becomes more difficult m 
populations alreadj greatlj mipro\ed bj selection 

Regardless of whether progress is becoming slower or -whether some 
traits maj be somewhat antagonistic to each other, real progress has 
been made m improimg the Danish Landrace hog while this program 
has been in operation The Yorkshire breed, maintained in smaller 
numbers than the Landrace, has changed in a roughlj parallel fashion 
ince the reports ser\ e as onlj a guide to breeders, and since management 
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of the test litters has undoubtedly improved over the years (although 
known changes in rations or management are slight), it is impossible to 
determine how much of the improved performance can be attributed to 
genetic improvement resulting from the program. 

Several other European countries and Canada have progeny-testing 
programs which are carried on under plans more or less similar to the 
one in Denmark. 

In the United States production testing on an organized basis has been 
slower in developing, but several piograms initiated during the past 20 
years indicate that American breeders are coming to a realization of the 



Tio 197 —Ring Gold Lady Dora PR149, 753956, the 6rst sow of any breed to produce eight 
qualifjing litters in a P R program Shown here with her sixth quahfjing litter, the lO 
pigs of which sold at auction for a total of 54,365 {CouHesif of Hampshxre iSutnc Reoisttv 
Aaaoctahon, Peona, 111 ) 

need for such procedures. Active efforts are being made to devise 
programs which will be practical wth the huge hog population and under 
the management systems used in swine pi eduction here 

In 1938 the United Duroc Record Association initiated a program of 
“Production Registry” vhich is designed to give recognition to sons 
having the ability to farrow and raise large litters and nurse them properly 
to weaning. Recognition is also given to boars. Most of the other 
breed associations developed somewhat similar programs during the 
following years under rules wliich vaned in some particulars. In 19-lG 
all the associations united in adopting a single set of niles w’hich (as 
changed somewhat in 1948) are as follows: 

I. Tarrowing reports 

Farrowing reports on nominatwl litters must be itncwd by one disinterested 
party of unquestionable standing in the communitj* to aerify biro of litter .ami 
earmarking of litter Tins farrowing rri»ort must be sent to the breed record 
associ ition ofTirc within 6 daj'H after the farrowing date. 




070 MEin/W MD 7WPR01 EWPNJ Of f AKl/ ASniMS 

II 6(j-daj ^^M6lungTCIWIl» „ l,.i„Mn 61 nml M diJB ot W I'™' 

All r.on,.n»tca Mlcr» nro to he ' „„ «eiglu.l 

reported to the htred rcrord Msoeielion ttillrm 3 dajB Mtc p s 

ing one of the aforon.mcd ofTciah It ehH nUo be the duty of the 
\\itncs 3 to check the accuracj of the Beaks used for the ueiRliinR 



Fia 198 —APR Duroc bow New Era s Tvpe ISSOrs At the tjme of her death in 
she had raised 116 p gs in 12 1 tiers for a I fet me average of O 73 per litter As 
outstanding from a product on standpoint she was a noted show sow 'i^'n^narne . 

All American aged sow in 1943 (Courtesy e/ UnUtd Puree ICteord Assoctof ion re 


III Qualifying litters 

A Production Registry qualifymg litter BhoU be as follow a 

A For BOWS over 15 months of age at farrowing , 

To raise without the aid of a nurse sow, 8 or more pigs to an ofTicial 50 -day 
litter weight of at least 320 lb 

B For gilts (15 months of age or younger at farrowing time) , , 

To raise without the aidof anurseGow, 8 or more pigs to a 60-day litter weig 
of at least 275 lb 
IV Qualifying sows 

Sows will be officially admitted in the respective breed association Production 
Registry after having raised two quahfying litters However, recognition 
for the first qualifying litter of any sow can be indicated on pedigree certificates 
where her name appears by affixing a star to her registry number Production 
Registry sows will be classified according to the number of qualifying Utters 
raised such as 2 -star S-star etc 
\ Qualifying boars 

^ boar may qualify for official Prodactum Registry as follows 
A When he has sired 15 or more official PR qualifying Utters Recognition fo*” 
this honor will be designation as a PR Boar 
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B WTiCn he has sired five 2-Star PR daughters, or ton 1-Star PR daughters or an 
equivalent combination of both Recognition for this honor viU bo designa 
lion as a 1-Star PR Boar (In computing an equivalent combmation each 
1 star daughter will count one point and each daughter with two or more 
stars ivill count <u.o points^ the required total for any combination being 
ten points ) 

C WTien a boar has qualified once on the record of his PR daughters he may 
qualify for another star for each additional ten pomts on the basis of PR 
daughters, pomts to be calculated as in (R) above 

Entry blanks can be secured from the respective breed associations 
Starting from small beginnings, tbe program has made steady progress, 
although as yet including only a small fraction of the sows of any breed 
a- iKa ivuTOher o( Uttiers aommated and qmldy- 

ing in 1948 in tw o of the major breeds 


Breed 

No of Utters 

No of litters 

% 

nominated 

qualifjing 

qualifying 

Duroo 

2,476 

747 

80 2 

Chester IVhite 

128 

1 

43 , 

33 6 


This program represents a constructive start on the difficult problem 
of getting production records on purebred swine Some may be inclined 
to criticize it for not getting enough data, but m order to secure partici- 
pation, it must be kept simple at least until experience dictates the 
necessity of more extensive records The value of weaning weights as 
indicators of genetically influenced growing ability is not clear It is 
an established fact that the biggest pigs at weaning grow faster there- 
after and reach market weights sooner than lighter weaning pigs It is 
possible that the same genes affect the grow th rates of pigs during the 
pre- and postweaning penods However, available evidence indicates 
that weaning weight is very low m hentability — apparently being largely 
determined by the maternal ability of the dam Daily gain at any stage 
of a pig’s life IS dependent upon size already attained, the heavier pig 
making a bigger gam Comstock c/nf (1942) found that weaning weight 
was correlated with rate of gam from weaning to 200 Ib , but not with 
rate of gam from 50 to 200 lb Thus, the heavier pig at weaning appar- 
ently reaches market weights sooner not because of inherently greater 
growing ability, but because it (1) Js m a more advanced phase of the 
growth curve at weaning and (2) has already attained a greater per- 
centage of the final weight 

rroiti the standpoint of the practical hog producer, howc\cr, age at 
market weight is the important consideration Since hcaiy weaning 
pigs reach market weights m fewer da>3, selection for them may be 





072 mfFni\o \\D ntnmniisj offxkm is/viis 

ettectue even it it xs more directlj sdection for son mntcmnl nb.l.ty than 

'\®T™eirat'tLs point to introduce a nord of caution J" 
snme breeders may not he tempted to make the 

dairy cattle associations made nith their AU testinB The m^takc that 
practicallj spoiled all the Rooil that might have come from 
was the fact that a man could test as manj daughters of a bull as im 
wanted to ^aturalll, the best daughters Merc tested, the poor one 
not This gave a very distorteil picture of the hrecihng Morth of Iran 
dreds of bulls Anj bull can be made to look good if the breeders c. 
only a fen of his best daughters I il CMisc anv boar can be made to 
look good if thej put only a fcvi of his very best daughters into iv 
testing 'When this is done they completely defeat the very purpose o 
the system vihich is to determine the genetic breeding north of the 
animals Thus alt a sow s lillcra should be considered m evaluatin^icr, 
and the records of all a sire s daughtcis that farrow should be used in 


evaluating him 

At least one breed association is developing a program of herd testing 
m which weights are taken on all litters m the herd not only at 50 da>8 
of age but at six months This is a most constructiv e step and overcomes 
the danger of 6electi%e testing inherent in the PR program Some 
breeders are now following the commendable practice of weighing all 
pigs and publishing the records made be they good or bad as a part oi 
the pedigree in sale catalogues An example of an actual pedigree 
printed in the catalogue of a recent purebred Hampshire sale is given m 
Fig 199 

Another word of caution should be introduced against undue forcing 
of litters because of the advertising values sometimes attached to extreme 
weight records Records made under practical conditions will be of 
much greater value in assessing the genetic w orth of the animals The 
pnmarj purpose of Production Registry is to reduce the number of 
small litters weighing less than 275 lb and to increase the number m 
the commendable range of 350 to 450 lb 

Another significant development dunng the past few years has been 
the growth of sow testing pre^rams in various states Probably the 
most highly organized of these is the Wisconsin Sw me Selection Coop^* 
eratue This program is designed to provide information which wtH 
aid the breeder m making intdligent selections from his herd for breeding 


purposes 


The breeder ear notches each pig individually at birth and records 
litter size The cooperative furnishes forms for keeping records and 
emplojs field men to aid the breeders taking eights of pigs at approxi 
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mately 154 days of age The tv eight records are sent to the University 
of Wisconsin where they are adjusted to 164 days of age An index is 
then calculated for each pig and the records returned to the breeder in 
tune for him to use the index in sdecting breeding stock 

LOT No 24 LITTER No 62 

CONNER VERBENA 

GILT, Tag 2501, 56 Day Weight 30 6 lbs , Dinner Plates 14 
(pedigree of hdler 6^ 

Farrowed Jan 27, 1948 Average birth wgt 3 1 lbs 

Pigs Farrowed 13 Average 56 daj wgt 30 49 lbs 

Pigs Raised 9 Bred by Conner Prairie 

CONNERS COMMANDER 348641 
4 litters av 8 75 pigs bom 

4 litters av 5 5 pigs raised 
Average birth wgt 2 39 lbs 
Average 56 day w gt 28 85 lbs 

CONNER ALBRIGHT 879126 

5 litters av 10 6 pigs bora 
5 litters a\ 6 8 pigs raised 
Average birth wgt 3 03 lbs 
Average 56 day wgt 33 88 lbs 

i SOUTHWIND ROCK A R\E 303037 
27 litters av 9 I pigs born 
27 litters av 0 20 pigs raised 
A\ crago birth w gt 3 09 lbs 
Average 60 daj wgt 31 67 lbs 

MORNING STAR 785214 

7 litters av 1 1 57 pigs born 
7 litters av 10 29 pigs raised 
Average birth wgt 3 lbs 
Average 50 day wgt 20 15 lbs 

1 10 100 — Potltirreo of a gilt sold in n recent nnmpsliiro auction in w Incli prcxluction rectirdi* 
of nil animats wero given {fiourlct]/ of Conner Prairxt Farm AeWerrif/e Ind) 

As an example of the index, let ns assume v\c Imvc a pig — one of a 
hltcr of eight, all of which were raised to five months — and that this 
pig weighs 175 lb at fuc months 

Points 


1 point allowed for each pig farrow e<l (up to 12) S 

2 pointa allow c<l for < neh pig rnisi d to 5 months 10 

TnlM hUt rweighl nV 5 months div ided b> 100 Oei ns aiwume the hlter w» ighrd 

1,1001b) n 

’lo |*omt for < irh pound cm r 751b for the mihvidiint pig at 5 moiilhn (Otir 
175*11) pig at 5 inonllis wnul<l Ik* rcomi 100 X ^fo) 70 

Pig iinl x 107 


CONNER TOP DECK 361355 
14 litters av 9 43 pigs bom 
14 litters av 7 1 pigs raised 
Aversgo birth wgt 3 19 lbs 
Average 66 day wgt 32 69 lbs 




Tto 200 — A« cxwnt>\o ot n iietn\!\not\t record sheet for « mvr Oiio wJo of an IndhnduaV sow record sheet nivinR pediijrw* other 
iivtormMton rcRiiriWoR a sow laforo bIjo ronihed hreochnx »*» (Cotirlcstf of Dr J A. llotJtT, i’urdiie C/n»tcr«i/v, l/t/auflU, Jml ) 



RECORD OF UTTERS PRODUCED 
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Prodotfwn record of sow no. 

RECORD OF UTTERS PRODUCED 
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bri:ldino and iMPRovnMiuVr or FAiar animals 


Programs of the type described above arc ver}' helpful in expediting 
the necessary book work in a production-testing program. Then, too, 
they have an ofRcial standing ^^lucll increases their value somewhat over 
and above the value of private records. 

The keeping of personal rcconls is to be urged, however, if suitable 
organized programs are not available. These records need not be 
elaborate, hut should include petiigroc records on each litter, records of 
the number of pigs farrowed and ueaned, and weights of the indivddual 
pigs at weaning (usually 50 days of age) and at some later time, preferably 


Table 53 — Factohs for Cos^'Ertinq Pio Wfiohts to Standard Ages of 66 and 
151 Bats 


Factors for converting individual 
pig weights to 50 days* 

Fftclors for converting individual 
pig weights to 154 dajsf 

Age 

Factor 

Age 

Factor 

47 

1 2812 

145 

1 lOS 

48 

1 2421 

140 

1 095 

49 

I 2059 

147 

1 082 

50 

1 1714 

148 

1 070 

61 

1 1389 

149 

1 058 

52 

I 1081 

150 

1 040 

63 

1 0789 

151 

1 1 034 

54 1 

1 0513 

152 

1 023 

55 

1 0250 

153 


56 

1 0000 

154 1 

1 000 

57 

0 9702 

155 


5S 

0 9535 

150 


59 

0 9318 

157 



0 9111 

158 



0 8913 

159 



0 8723 

IGO 



0 8542 

IGl 



0 83C9 

1C2 


65 

0 8200 

1C3 

0 908 

^slculated from the formula 


»li<Te r - corrected weieLt 
^ — ftctuai weight 
T •• ago in days 
t Calculated from the formula 


r - z 


f-ii— 

{.X - 16 


] 


where ir 


X 


“ corrected weight 
”■ actual weight 
■■ aga in days 


r 142 5 T 

Loouiaiiix* + o.6&v J 
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about five months of age. Factors have been worked out by Whatley 
and Quaife (1937) and Lush and IQncaid (1943) for adjusting individual 
pig weights to 50 or 154 days of age, respectively. These make it 
possible to weigh several litters at once and convert all records to a 
standard age for use in comparing the records of various individuals. 

Assuming production records are being kept, the breeder is faced with 
the problem of how to evaluate them in selecting breeding stock for 
retention in the herd. How much emphasis should be put on weight 
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Fio, 202. — An example of a record sheet used to keep records on a litter of pigs to weaning 
age. {Courtesy of Dr. J. A. Hoefer, Purdue UniteraUy, Lafayette, Ind.) 


for age, ho-vv much on litter size, how much on litter weaning weight, 
how much on body type, etc.? No one answer can be given to this 
question. Hazel (1943) in an analysis of the factors involved in con- 
structing selection indexes, pointed out that the emphasis which should 
be placed upon the difTerent characters depends upon (1) tlic relative 
economic importance of the various traits, (2) the variation in each trait, 
(3) the heritability of each trait, and (4) the phenotypic and genetic 
correlations between each pair of traits. Obviously, these constants may 
vary' from Iierd to herd and even in the same herd over a perioti of time. 
'U.'^ing dabi from the Iowa Station sndne herd of inbred Poland Chinas, 
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breedinq and improvement of farm animals 


Hazel employed a muU.ple “tlsMaT'St (l^^ 

indexes Using information on and information 

^^LrsiTe"":^^ expr^d as “productivity of the 
dam” (P), he arrived at the following index 

/ = 0 136ir - 0232S + 0 l&iP 

ss: iS -rsu 

An interesting feature of Hazel s index is the negative 
„«,»T.pd to score This is due to the fact that V eight and score are phe 
no typically correlated mth the pigs biggest for their age 
receive the highest scores Thus, selection for heavy pigs automatical y 
selects for better type, and the type score can be discounted 

It IS not knoivn whether the values given by Hazel Mould apply 
other herds and breeds of sinne From his analysis and from otnc 
information, it appears probable, however, that ns long “ P'® 
marketing practices prevail m the United States considerably 
attention should be paid to the items measunng sow productivity au 
weight for age than to conformation , 

Under usual conditions, the performance of an animal itselt ^ 
best single indication of its genotype Thus, for characters ishich ca 
be measured in the individual, selection based on individuality shou 
be practiced at least to the extent that no individuals of below-average 
merit should be kept, regardless of the performance of relatives Pedigree 
and family selection are a useful supplement to individual selection, an 
m selecting young ammals for such things as prolificacy and nursing 
ability, this type of evaluation is the only type possible The genera 
plan of retaining the best mdividuals from the best families appears to e 
sound in hogs . 

Lush (1947) m a searching analysis of the relative value of individu 
and family selection pointed out that if either method is absolute y 
ineffective the other vnll be also He found that a combination of individua 
and family selection is at least equal to either type of selection alone a 
IS distmctly superior ivhen (1) genetic relationship wuthin family 
moderate and the phenotypic correlation within family is much smalie 
but well above zero, and (2) when the phenotypic correlation is distinct y 
larger than the genetic rdationship within family The latter case i9 
interesting since for this to occur family averages must depend more upon 
environmental conditions peculiar to each family than upon genetic 
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similarity. Under tlicso conditions family averages play a negative part 
in combination selection. Family selection is most necessary for those 
traits in which members of the family resemble each other least, i.e., for 
traits which are low in heritability. 



1 lo 203 — Modern sow types Chester White sow (above) Supreme rniici 2ncl, grand 
champion 1047 Illinois State Fair. Owned and shown by Harry Brett, Decatur, III , and 
Duroc sow (below) Tiptop Pnneess 3rd, grand champion 1948 Nebraska State Fair. 
{.Courtesy of Chester White Sioine Record Association and Z^uroc Record Association.) 

Due to the approximate doubling of the generation inter^'al, progeny- 
testing (considered liere in the strict sense as being the plan folloucd in 
which young sires are progeny-tested on outside females before being 
used in the herd) appears to be of limited usefulness with suine (see 
Dickerson and Hazel, 1944b). Progeny performance should, however, 
bo a major consideration in determining which boars to keep for tiso in 
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^ herd a second or third breeding season 

selected on the basis ol the performance of a first litter T1 o 

pigs farrowed and weaned and their growth to "““"S J 

mLmal eharacters Thus, sdcction for them is 

tion superimposed upon the family sdcction by iv iic i j 

first selected as gilts After weaning, the performance of a pig aepen 

tl extent upon its oivn genes Tims selection o sou s upon 

the basis of postu caning performance of a first litter is partially p g > 

Drekersm and Hazel (1944a) have arrived at the decision that maxi- 
mum progress can be made m a closed herd or a breed if 
one-third to one-half of the sows are kept for a second litter and a i>«^ 1 
of those which performed best in their first two litters are rctainea lo 

a third and fourth ,, , , m laezod- 

A Eegional Si\ine Breeding Laboratory was established J , 

quarters at Ames, loua, in 1937, nnder the authonty of the BanUieaa- 
Jones Act of 1935 According to the director, Dr W A Craft, 

The principal objective of the laboratory is to discover, develop, ind test 
procedures of breeding that vvill result m improvement of swme The ^ 

four phases of study are involved Systems of breeding, measures or standards 
appraising hogs and their carcasses, hentability of various characters, o 
physiology of reproduction Emphasis is being placed on productiveness o 
sows, growth rate of pigs, economy of gams, vitality, and desirability of carcasses 

At the present time the state experiment stations m the hliddle W^t 
em region have active programs m this project, and several other states 
are carrying on work of a similar nature and cooperating informa y 
with the laboratory The general procedures used* are as follows 

A promising supplement to conventional breeding practices that is being 
studied at the laboratory is the development of inbred Imes combined with se ec 
tion for productiveness of mdmdual animals This permits selection from 
different lines of breeding, use of inbred boars for top crossmg onnomnbred stoc , 
and hybridizing mbred lines within and between breeds Inbreedmg to soro® 
degree is necessary to form distmctly different lines of stock, especially witn 
breeds, it expedites the formmg of hoes that differ ^Tldely in their heredity 
Production recording is bemg practiced as it helps m locating not only the superior 
lines but also the individuals and btters within lines that have the best heredity 

Systems of breeding including vanous degrees of inbreeding of 3 to 5 
per cent per generation (four sires in a herd closed to outside blood), oi 
G to 7 per cent per generation (two sires in a herd closed to outside blood), 

* U S Dept Agr ^ftsc Pub 523 July, 1043 
*Ibtd 
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of 11 to 12 per cent per generation (one sire in a herd closed to outside 
blood), and of somenhat greater intensity in a fen lines carried for a 
fcM generations b}’ full sib matings arc being studied Inbieeding is 
being earned on both mthin established breeds (33 of the present inbied 
lines) and mtbm new strains produced by crossing tno existing breeds 
(4 of the present inbred lines) 

Kesults to date indicate that, on the average, some depression m 
productnity occurs nith increases in inbreeding, in spite of continuous 
selection for productivity Tins is more senous in some lines than m 
others Dickerson el al (1947) using data from four Regional Smue 
Breeding Laboratory herds showed average decreases per 10 per cent 
increase in inbreeding of 0 2, 0 4, and 0 5 pigs per litter at birth, 21 days, 
and 56 days of age, respectively Average 56-day weight per pig was 
not affected, but there was a 3H‘lb per pig decrease in 154-day weight 
for each 10 per cent increase in inbreeding 
The past few years most stations involved in this work have been 
testing inbred lines in crosses with each other and in top crosses with 
nomnbred stock A few of these results were quoted in a previous 
chapter A recent statement by Directoi W A Craft^ summarizes thes© 
results 

Crossing of three or more lines restored the losses m all traits, m some cas^s 
crossing of three or more lines produced increases m most of the traits studied as 
compared to the performance of the paient lines before inbreeding or as compared 
with noniubred stock used ni some trials ns controls Some, but not all, inbred 
boars have sired litters w hich exceed, in weight and numbers of pigs, litters by 
nomnbied boars at 5 or 6 months of age, some, but again not all, boars from 
crosses of two inbred Imes have sired btters wluch beat litters by other nomnbred 
boars at 5 or 6 months of age, crossbne sows have proved to be good pig raiser^, 
crosses of inbred Imes of different breeds have shown more hybnd vigor than Imc 
crosses within a breed, genetic divergence of stock of different breeds seems to 
provide gene patterns diffenng enough to produce more hybnd vigor than lines 
related to each other such as is the case when they are of the same breed Study 
of data completed recently for 70 litters of hne crosses within the Poland ClunA 
breed compared ivith 72 litters of crosses of Imes between breeds shows a differ- 
cnee of 0 66 pigs at birth, 4 2 pounds per pig at v eamng and 12 pounds per pi^ 
at 5 months m fa\ or of the lines of different breeds Hybrid vigor appears to 
be as real m pigs as m com, but there are economic problems involved in obtaining 
it winch are more difficult to overcome than is the case m com. 

Hie lines pioduccd by mild, medium, and intense inbreedmg appear to 
diffoi little in average merit as inbred lines oi m thou usefulness m 
crosses Since rapid inbreeding results in a consiclciablo saMng in time, 

‘ Quoted from a speech gi\cn in April, 1918, at the Inuiersitj of Illinoi*! S«incDaj 
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breeding and UIDROVEMtNT OF ^ ARM ANIMALS 

rt now appears that the most feasrUo method of producmg mbrod Imes 
IS to start many small mbred lines and inbrccd intensively at first 
least pr— lmes can then bo dercarded and the rcmammg ones tested 


SZuV several of the mbrod Imes produced thus f- "dy 
appear to have real value and may m themselves exert 
rSeuce on American same production the work of 
must be considered primarily a study of methods As promising met oUs 
are developed, breeders aro adopting them and can bo 
develop better lines than the relatively few developed thus tar y 
experiment stations If the methods used continue to show P™™ ’ 
this program can be expected to exert a considerable influence ove 
future swine-breeding practices . 

Selection m Sheep— In colonial Amenca, sheep -were grown aimosi. 
entirely for the purpose of producing wool This led shortlj to e 
creation, from Spamsh Menno importations, of the American 
breed, which became very numerous along the Eastern seaboard, wi 
Vermont at that time the leading state m number of sheep, owing i 
large measure to the influence of William Jarvis, who had a farm a 
Weathcrsfield, Vt , and at the time was serving as American 
Lisbon, Portugal The wool clip m the early colomes was only 2 or 3 1 
per animal per year, but through selection and improved feeding an 
management it has been continuously raised to an average level of 7 or 
8 lb for the present sheep population (all types) of the Umted States 
From the Vermont hlenno, there were later developed the %anous 
Delaine Mennos for the purpose of producing a fine wool of sufficien 
length for combing Most of the numerous Menno breed associations 
that had sprung up were merged in 1906 into the Amencan and Delain® 
Menno Record Association, with three other smaller associations sti 
existing Merino type vanes from a small thm ammal of poor carcass 
quality but heavily wnnkled and producmg a fine, dense, heavy fleece o 
short wool (Type A), to a larger, fairly heavy, and low-set animal pro- 
ducing a good carcass but generally lackmg wnnlJes and with a heavier 
but less fine and dense fleece (Type C or Delame), and a third inter 
mediate form (Type B) 

From Spanish Mermo foundations, the French developed a fine-wool 
strain of sheep, the Rambouillet, of much greater size than the American 
Mermo Many of these animals were brought to Amenca about the 
middle of the nineteenth century, and for a time they were a verj popular 
breed Interest then declined, to be re\ivod about 1890 The Ram- 
bouiUet IS a large animal producing a hca\'y , dense fleece As w ith the 
American Mermo, there are \anations in amount of skin wrinkles and 
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at Bomo shows the animals arc divided into B and C types. They were 
brought to America to servo primarily as wool producois. In recent 
years, greater attention has been paid to fleshing qualities, more by 
some breeders than others, but the carcasses are not of so high a grade 
geneially as those from the Down breeds. This bleed has been called 
the most typical dual-purpose breed in America, yielding something in 



Tiq 204. — DiEferent types in lamb carc&ssea (Courteaj/ of Burtaxt of Anxmal Industry, 
1^.5. Department of Agriculture.) 

density and fineness of fleece to the American Merino and to the Dottm 
breeds in quality of carcass. Under these conditions, tve would expect 
to find •NV’ide degrees of variation in tho brepd. 

Robert Bakewell, the noted English livestock breeder of the eighteenth 
century, greatly improved one of tho long-wool breeds, viz., the Leicester. 
Ho devoted his major attention to fleshing or fattening qualities and 
quite neglected consideration of wool. Tho result was a fairly largo 
breed of sheep n’ith rather long and coaise wool and a carcass of a coarse 
grain, which when finished was overlaid with several inches of fat. To a 
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peater or less these 

created, therefore, p T„„nd In recent \ cars, more attention has 

fat legs and roasts “aro”ua b been made to tmproro 

been pa.d to tvool, The fin<^,^ool breeders generallj 

the quahty of * '“"fess to carcass quaht.es The long- 

ColCdt: :X other hand/pay more attent.on to carcass, less to 

OTIOV.-O breeds” of sheep, Southdoum, Shropshires, 
ords'r.: shues^rSc!'^: been detefoped to fill the vord l.t.een 
fierce ool and long-rrool breeds They arc, m a sense, a h‘‘PP5 
mrfmm between tao extremes aith the tery great added advantag^^ 
oroduemg rcry superior carcasses from the standpoint “£ , 

xanous Mermos and the Dou-n breeds hare been bred and kept relatl Js 
mire in the East and Miduest In the range country farther nest, t 
foundation females were largely grade Rarobou.llct ctres 
there have been used aU the types of American and , 

Eamboudlet rams Later, rams from the long-wool breeds were u^i 
particularly Cots^olds and Lincolns m the attempt to impro\e size 
fleshine and rams from the Down breeds ^ere used to try to 
carcass quality stiU further Fmallj the use of long-wool rams 
fine-wool e^es in the attempt to get good sheep from the 
both wool and mutton led to the formation of the Comedale breed in - 
Zealand (imported to the United States in 1914) and the Columbia, 
Panama, Targhee, and Romeldale breeds in the United States 
As can be seen from the abo\ e discussion, there are a great manj 
of sheep m existence Sheep are rai^d m the Umted States und^ a 
greater range of environmental conditions and management sj stems t 
IS true of any other class of farm animal The first job of the 
breeder is, therefore, to select the type and breed of sheep best adapt 
to the conditions under which operations 'will be earned on and 
breeding stock will be sold It may well be that more breeds are need 
to fill needs in certam areas 

The second task of the breeder is to impro\ e the productivity of the 
ijiKs of sheep selected Although m former j ears manj sheep were kep 
almost exclusivelj for wool production "with aged wethers often being 
run for this purpose, the sheep mdustrj is toda^ almost xmn ersallj on a 
dual purpose basis, t 6 , both wool and meat animals (usuallj lambs) are 
major products with the relati\e importance of the two xarjung con- 
siderablj in ^ anous areas For example, m the senuand regions of th® 
Southwest, where ranges are so sparse as to make the production o 
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millv-fat Iambs almost impossible, lambs usuall}'' sell as feeders at lighter 
'^'eights and lower prices than those at which milk-fat lambs sell in areas 
where their production is possible. High-quality fine wool can be pro- 
duced under tlicse conditions. Thus, wool is relatively a much more 
important product than in better range areas or under farming conditions 
such as prevail in the ^lidwest. 

Regardless of the relative emphasis given to wool and lamb production, 
the general objectives of sheep breeders are very similar, namely, to pro- 
duce as many pounds of lamb as possible per 100 Ib. of ewe and as much 
high-quality wool as possible. They must pay attention to prolificacy, 
ease of lambing, milking ability, and natural fiesliing. As with dual- 
purpose cattle, some of these qualities are more or less antithetical. If he 
gets too great propenmties for wool production and milking ability, 
natural fleshing is apt to suffer, and vice versa. In addition he must 
pay attention to general vigor and longevity, since susceptibility to 
diseases, parasites, or too rapid turnover of the flock all reduce imme- 
diate profit and lessen the effectiveness of selection. 

As if all these things were not enough to worry about in a breeding 
program, the sheep industry is plagued with a greater diversity of breed 
trade-marks than is the case with other classes of farm animals. As 
pointed out earlier, some of these, such as excessive face covering, aro 
actually detrimental to productivity. The modern breeder might be 
well advised to place emphasis on production records rather than winning 
show-ring type. 

The largest and most highly organized project devoted to sheep- 
breeding research in the United States is the Western Sheep Breeding 
Laboratory established at Dubois, Idaho, in 1937, It has operated sinco 
that time under the guidance of Director J. E. Nordby. It is utilizing 
the facilities developed by the Bureau of Animal Industry Sheep Experi- 
ment Station, which was organized at Dubois in 1917, and in addition the 
experiment stations of the 11 Western states and Texas are cooperating.* 

The main objective of the program is the improvement of sheep through breed- 
ing. The improvement is measured by the application of utility standards 
as they concern, commercial production under ranching conditions. Productior^ 
is measured on the basis of wool judd, and in pounds of Iamb of the desirable type 
and finish. Obviously, the staple length and the quality and uniformity of fibers, 
as well ns the shrinkage, arc important factors that are studied with the yield of 
wool. AU useful characteristics that influence lamb production, nmeh 

adaptability, and general serviceability are closely integrated in the improvement 
program. Under ranching conditions at relatively high altitudes, where winter 

* IVom mimeographed slatcmcut on the Western Sheep Breeding iaboratory and 
the U.S. Sheep lixpontncnt Station by Julius II Is’ortlby. 
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.re ,re..cn«. se,e., 

delude a con..dcraUon o! those long end ■'lofty" as 

agamst sseather extremes The fleece must “ J | ^ell the 

well as dense and must hold together along the topline and cove 

underline 

Attention in selection is being gnen to both meat ^ 
but tvith meat qualities' cmphasiml somcuhat more than t 
to ■wool 

Besides a e are interested in the mature form of mutton sheep on 
Its value for produemg the right kmd of marhet and “"tlity of a 

meat ewes We obviously the mature sue form, and fleshing q y^^ 
sheep are important, the ranchman is perhaps fully as concerned 
lorn!! and fleshing qualities at the time of ueanmg the lamb, „ 

time that weight and form, but pnncipally fleshing will determine . 

market lamb or a feeder lamb The milkmg quality m ewes is ^ 

after lambing, and this is further checked m their ability to produce ing 
fleshy lambs In the selection program, therefore, much emphasis P ^ 
upon the finish in lambs at the time of weaning Due consideration is 6 
twins m this connection Stud ram prospects are scored carefully for ma 
quahties at weaning, because a mm lamb that has the acceptable grow tn, mgg 
ness, form and finish at weaning time is probably more apt to be a potentia 
of lambs of the same kind, than is a more slowly matunng mm that " 
develop these qualities before he is raore mature Vigor is su esseritial qu > 
m the selection of ranch sheep Some ei\e8, and rams also, “wear ^ 

ivell under heavy semce until they ate seven or even eight years of age 
begm to decline early m life and are on the cull” list at five or before 

Selection is being practiced against too heavy face co\ enng that 
lead to ‘'^^ool blindness and also against hea\’y skin folds 

Work IS being done with the Rambouillet, Columbia, and Targ ^ 
breeds, with a few other breeds being used m certain studies and m tes 
crosses Inbreeding is being done with about 30 Rambouillet lines an 
8 to 10 lines of each of the other two breeds being in process of formation 
Noninbred control stocks m which the same type of selection is practic 
as in the inbreds are also being earned to see w hether the greatest progress 
can bo made with or without inbreedmg 

Many publications on factors associated with productivity m sheepj 
methods of e\ aluatmg breeding animals, hcntability of v anous traits, 
and other things about which information is needed in properly carrjnng 
out a research program in sheep brooding have already come from t 
laboratorj Manj of these will be referred to later in this chapter 
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Definite progress has been made in improving sheep, especially for 
some of the more highly heritable characters. Because of the lelatively' 
slow rate of reproduction in sheep, inbreeding advances more slowly than 
is the case with hogs. 

The keeping of production records on sheep and their intelligent 
evaluation in maldng selections necessarily entail a considerable e.xpendi- 
ture of time and effort. Due to the variety of types of sheep itis difiicult 
to suggest procedures for taking and evaluating records which will be 
universally applicable. However, the following items have been included 
in one form or another in most rccord-of-performance precedures sug- 
gested to date: 

1. Prolijicacy 0 / eu>cs (regularity of lambing and twin production). 
In some areas where grazing conditions are poor, twin lambs may be a 
disadvantage, but generally twin-producing ewes are moie profitable. 

2. Birth weights of lambs. This item is of no value in itself but is 
related to vigor at birth and to rate of gain after birth. 

3. Weaning weights of lambs. Taken individually but also used to 
measure total lamb production of a ewe. This latter may be best 
c.xprcssed as pounds of lamb weaned per ewe (in areas where costs are 
largely on a per head basis) or as pounds of lamb weaned per 100 lb. of 
owe (best in areas where costs are more related to actual amounts of 
feed eaten than to total numbers). 

4. Type and finish of lambs at weaning. These important factors reflect 
maikot value to a large extent. Attempts to evaluate these items 
objectively by means of measurements have as yet met with little success. 
Although unsatisfactory at best, the most successful means of evaluating 
these characters has bwn through the use of scores based on subjective 
appraisals of merit. 

5. Flcccc weight and quality. 

G. Itegular annual or semiannual weights of all breeding stock. 

The evaluation of performance records is greatly complicated by 
environmental factors. Some of these, such a.s the effects of sex, age of 
dam, type of birth (single or multiple), and age at weaning, can bo 
mc.a.surcd and definitely taken into account. 

If those things are not systematically ovniuatod, selection may bo 
biased in favor of lambs having the most fovondde conditions for growlli. 

A study of tlio lambs bom during a 3‘1-ycar period (1921—1931) in the 
Hampshire, Shropshire, and Southdown flocks at the National Agricul- 
tural llesoarcli Center at Bcltsville, Md., shoved that their environ- 
mental factors had npj)arcntly influenced R'lection to an undue <legree 
when M'lcction of lambs began at about three months of age. In sumina- 
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rizmg this study' the niithnrs retommend somu pruclias uhiili should 
minimizo thi*' tcndcnc> 


The results showed that tnw of birth, time of birth, and birth wciRht lm\c 
influenced the selection of brccdinR animals binRle lambs lm\e been preferr^ 
to twins, earlj lambs to late ones, and lambs that wore heavj at birth to lig i 
lambs With the c\ccption of a portion of the effect of birth weight, the effects 
of these factors on selection arc coiiMdered to be cuMronmental in nature, and 
therefore, reduce the chances of Bclccting the genetically superior animals for 
breeding purposes This a\cakne«s m the present method of selection can be 
at least partly o\ creome in one of the follow mg w n> s 

1 When selections are made at weaning or a similar carlj age, the animals 
may be divided first by sex and then into single and twin groups witbm sexes 
These last two groups should then be dmded according to time of birth If the 
range m date of birth is G weeks, tlic lambs maj be dnaded into two groups 
haaang a range of 3 weeks each If lambing occurs o\cr a longer period, more 
groups may be necessary With thcammals so divided, those m each group wu 
be on a more comparable basis than if considered as a w hole, and selections can 
be made within each group This division does not take into consideration 
differences in birth weight, and if data on this point arc av ailablo they maj bo 
kept at hand for u«e while making selections Selections would, of course, he 
based on the characters m which the breeder is pnmanlj interested, such ns 
mutton form, fleece, and perhaps other factors such as pedigrees of the animals 
This method eliminates comparison of single lambs with twin lambs and of 
early lambs w ith late ones Assuming that the proportion of individuals posses"- 
ing supenor germ plasm is equal id the groups of singles and twans and that 
there is a similar proportion m the early and late group m each tjTic of birth, 
the chances of actually selecting these superior animals would be greater if this 
suggested system was followed 


2 Selection may be made at a standard age, such as 6 months, rather than on a 
certain date Weights at this age could be adjusted for the effects of birth fac* 
tors and any advantage or disadvantage kept m mind when evaluating each 
animal The weights of all animals could be adjusted to a standard b isis, such 
as single males of a standard birth date and weight, for use in making such allow 
ances for the effects of birth factors and sex All animals reaching the standard 
age within a given week might be observed on one day during that week By this 
method each individual is compared with an ideal at a standard age, with allow- 
ance for any unfavorable environment due to birth factors The effect on selec 
tion would be similar to that of the first suggested method 

3 Selections might be postponed until an age when the effects of the birth 
factors on development discussed herein have disappeared Little effect of type 
and time of birth and birth weight on development, as measured by weight 
remams at 12 months Hetention of all animals to this age is not practical for 
e s eep breeder who must sell his discarded lambs when they reach market 
^ W M , Borne Factors Affecting Survival. Growth, 

and Selection of Umbs U S Dept Agr Cir 538 1940 
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■weight, but it may be a worthwhile procedure in experimental breeding, unless 
data taken at younger ages can be sho^vn to be sufficiently representative of the 
animals’ potential development. 

Another application of the results of the study presented herein is in the com- 
paring of groups of animals, such as the offspring of two or more rams in progeny 
testing. If the number of offspring from each of two rams is sufficiently large 
that practically equal numbers of singles and twins, lambs of hea-vy and light 
birth weights, and males and females are available, and if the time of birth of 
the lambs is comparable, then a comparison of the uncorrected weights of the two 
groups at a standard age would be valid. However, most young rams are tested 
on a small number of ewes. If the resulting small number of offspring of a ram 
are to be compared ■with those of another ram at an age when the effects of birth 
factors still persist, the figures given in this circular, or similar figures, can bo 
used in making necessary adjustments. Adjustments for sex can be made in 
like raarmer. All animals might be adjusted to a basis of male singles wth date 
of birth and birth weight constant. 

Recent extensive studies at the Western Sheep Breeding Laboratory 
(Hazel and Terrill, 1945a, 194Cb, and 194Gd; Terrill, Sidwcll, and Hazel, 
1947, 1948a, and 1948b) have show'n that under range conditions the 
effects of sex, typo of birth and rearing, and age of dam have important 


Table 64. — Differences in Performance of Bange SjiEEr Dub to Some Environ- 
mental Conditions 



IVcaning clmmclors 

Yearling ewe characters 


Body 
weight, 1 
lb. 

Staple 

lengtli, 

cm. 

Bodj- 

weight, 

lb. 

Clean 

fleece 

weight, 

Ib. 

Staple 

length, 

cm. 

liambouilUis 
AilvmitaRc of: 

IhiinH over cwt*«i 

Mature dam over 2-ycar-oId 
dam 

S.3* 

G 1* 

-0 IS* 

0 19 

2.C 

0.17 

0.12 

SinRles over twins 

0.2* 

0.05 

C.O* 

i 0.23* 

0.30* 

Tnrghres, anil 
CorrMohs 

AdvnntnRe of: 

ILams over ewes 

Malun' dam over 2-ye.’ir-<»M 
dam . . , , J 

10.8* 

8.7* 

-0.5I* 

0 52* 

! 

A Ifi* 

l.Olt 

0.4G 

over twins 

bb 

0.02 

7.12* 

1 03t 

0 12 


* HcTiir>ra cUtittic la Utr*- In fof S'! Of tnorf uf llir tni»| wrUtion In Uiat trail, 

t frr-r^ •rtcht. 
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effects on body -weight nl both -ncaning and jc-irling nges, on fleece 
characters and on t>pc and condition M cvalintwl bj Hiibjecfi\c score« 
Age of lamb at caning also had a signifuant effect upon Meaning Mcign 
The cn\ ironmental factors wore rclatuclj unimportant m affecting 

scores for face coaenng or nock folds 

Tabic 5-4, prepared from data m the papers just mentioned, shous llie 
magnitude of somo of the differences obser\cd In general, the differ 
cnees tend to become smaller with advancing age The reader fabouH 
recognize that 1110*50 figures will not nccc‘*sanlj bo applicable to other 
flocks under other cn\ ironmental conditions 

In a largo operation, the necessary data to arnvc at figures such as t lO 
above can be collected and the records all corrected to a single standan 
prcferablj b> adding the appropnatc number of pounds to the weights 
of lambs in the lower groups to adjust them to the level of the heavier 
group 

In actual practice similar results maj be obtained b> sorting lamps 
into groups according to sex, ago of dam tj*pc of birth, and age of lam 
and selecting the same proportion from the various groups 
Hentabihty estimates of a number of traits in sheep ns giv c n m Table 
65 indicate that fleece characters face covenng and nock folds arc, in 
general more heritable than body weights and that subjective scores of 
body type and condition aro considerabl> less heritable 

In a breeding program the rclutivo cmpliasis to bo placed upon the 
various characters depends upon (1) the economic importance of the 
character, (2) its hentabihty , and (3) tlio )o\ cl of performance already 
attained m the flock The latter two factors arc interrelated since 
average performance near cither end of a scalo of desirability will bo 
indicative of an approach to genetic fixation with a resultant low bent 
ability Hazel and Terrill (194Cc) point out a situation which illustrates 
this fact Jones el al (1944) found a hentabihty of 51 per cent for neck 
folds m a moderately wnnklcd Rambouillot flock, Terrill and Hazel 
(1940c) obtained an estimate of 38 per cent m a less WTinkled RambouiUet 
flock, while m Columbia and Tai^hees with only a slight degree of 
wnnkling the apparent hentabihty was only 8 per cent 

In a breeding program intense selection should first be practiced for 
traits which are economically important and lughly heritable Progress 
should be rapid in this phase of the breeding program, and after desirable 
levels of performance have been attained for these characters attention 
can be turned to other less hcntable traits where progress can be expected 
to be slower, but nevertheless important once it is attained 

As with other classes of livestock, observation indicates that selection 
has been effectiv e over the years m modifying typo and productivity m 
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shcop. Numorous examples, including the uork of Nealo (10 Hi) "" 
selecting for staple length in Rninliouillcts nnd (he work of \\an\jck 
cl al. (1949) in selecting for icsislancc to stomach norms, can he cited to 
show the possibihtics 

Terrill (unpublished data) in a study of d^ata from tho Western Sheep 
Breeding Laboratory' has compared tlio amount of progress actually 
made for several traits in Bambouillct sheep during tho period 1940-1948 
with the genetic progress expected. Tho latter is calculated by com- 
paring the averages of tlio animals which later became parents born in 



each year (suitably weighted for number of offspring produced) with 
the average of all sheep born in that year These selection differentials 
were divided by the average age of parents and multiplied by the herit- 
ability of the trait being studied m order to give an estimate of expected 
annual genetic progress 

In evaluating his results, it must bo kept in mind that trends in environ- 
mental conditions could have been responsible for some of the observed 
trends in productivity Yearling fleece eights, weaning body weights, 
and weaning body scores for condition all trended slightly downward m 
average ment, m spite of positive selection for improvement Improve- 
ment w aa shown m staple length, type scores, face-covering scores, and 
neck-fold scores An index bas^ on the above items, and thought to 
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reflect all-around merit, is used as the basis for selecting breeding animals 
in this flock. The average index has increased during the period of this 
study almost as much as would be expected, and Terrill concludes that 
the average merit of the sheep in the flock has improved. 

Individual performance and family averages in production are tho 
basic items upon which selection in sheep must be based. This follows 
from the facts that (1) although some culling of breeding animals may bo 
practiced on the basis of the first lamb crop or two, they must initially 
be selected for use in a flock upon the basis of their own and relatives' 
performance, and (2) even if a progeny-testing program is followed with 
prospective stud rams before they are used in the main flock, only a 
small percentage of the most promising rams can be progeny-tested, 
these must be selected on the basis of individual and family performance. 

An organized program in which prospective stud rams are progeny- 
tested in an auxiliary flock prior to being used in the main flock can be 
useful under certain conditions. Dickerson and Hazel (1944) concluded 
that a program of progeny-testing yearling rams and using the best .ones 
in the main flock as two-year-olds or three-year-olds, should increase 
progress by about 20 per cent and 6 per cent for weanling and yearling 
traits, respectively, with characters having heritabilitios as low as 10 per 
cent. For characters with heritabilities of 30 per cent, progeny testing 
would be e.xpected to increase progress slightly for traits which could 
be measured at weaning age, but would be expected to decrease progress 
for those traits which could not be measured until yearling age. This 
latter situation occurs because of the additional year which it takes to 
tW . 

Progeny testing can be expected to be still more effective if rams can be 
progeny-tested as lambs instead of yearlings and the best performing 
ones used in the main flock as yearlings. 

Selection in Beef Cattle. — Selection in beef cattle has long been based 
primarily upon show-ring winnings or type evaluations based upon show- 


Tahle 5G. — Petikormance Record op Four Choice Beef Shorthorn Steers* 


Steer 

number 

Days on 
feed 

Diuly gain, 
pounds 

Food to produce 400 lb. of gam 

Grain, pounds 

Hay, pounds 

1 

239 

1.71 

1,930 

80-1 

2 

225 

1.77 

2,251 

020 

3 

300 

1.35 

2,790 

1,174 

4 

287 

1.3S 

2,809 

1,7GS 


* KKAi>r, ll. Jiu, Hxt. Anim. lluthnniimtirt, Junp. lOtO. 
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rms standards Tho fact that Iho beet market tends to be a discnmmat 
me one mal cs it necessary to paj eonsiilernlile attention to tjpe in lice 
cattle but much moio information is needed regarding the relatio 
between tjpc and carcafiS qualitj 




pa 208 —Appearance may not be a good ind oator of a bull a breeding value Calves s red 
by po bull at the top averaged 42 lb hcav er at the end of a food ng por od and 
h gher grad ng carcasses than calves a red by h s more attractive halt brother shown in tno 
lower photo (Courlegy o/ Bureau of Antmal InduHry V S Department of AgncuUu « ) 


Although all breeding work with farm animals is slow and expensive 
such work with beef cattle is especially so because of slow reproducti'O 
rates Much information has been accumulated during the past 15 to 20 

years however whichwhenwidely applied promises to aidinthedevelop 

ment of more profitable types of cattle 

Winters and McMahon (1933) in a senes of experiments in w hich steers 
were fed individually demonstrated rather wide differences between 
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individuals in gaining ability and in efficiency of feed utilization. Further 
extensive work by the U.S. Department of Agriculture has extended these 
observations (see Table 56 for some extreme eases), and it has been shown 
that sire progenies differ considerably in ‘these same characters. 

The few heritability studies thus far reported for beef cattle (Table 57) 
have almost all been from the same herd and seem to be unreasonably 


Table 67. — Heritability op Various Characters in Beef Cattle 


’ Character 

Herit- 

ftbility, 

% 

Method used to 
estimate heritability 

Reference 

Birth ^Ycight 

63 

Paternal half-sib corre- 
lation 

ICnapp and Clark 
(1950)* 


11 

Paternal half-sib corre- 
lation (corrected birth 
weights) 

Dawson el al. 

(1947) 

Weaning weight 

28 

1 Paternal half -sib corre- 
lation 

Ivnapp and Clark 
(1950) 

hivo weight at 16 months. . . 

80 

Paternal half-sib corre- 
1 laiion ^ 

Knapp and Clark 
(1950) 

1 

92 

Sire offspring regres- i 
sion 

Knapp and Clark 
(1050) 

Cain during feeding pcrio<l. . 

G5 

Paternal half-sib corre- 
lation 

Ivimpp and Clark 
(1950) 

Hate of gain in feed lot. . . . 

77 

Sire offspring regres- 
sion 

Knapp and Clark 
(1950) 

Score at weaning. 

2S 

Paternal hnlf-eib eorre- 
Intion 

Kn.'ipp and Clark 
(1950) 


0 

Sire offspring regres- 
sion 

Knapp and Nonlskog 
(10401)) 

Slaughter grade 

45 

Paternal half-sih corrt*- 
Intion 

Knnpp and Cfark 
(1050) 

C'arcsws grade 

83 

Paternal half^ih eorri*- 
lation 

Knapp and <3arfc 
(1050) 


as 

Palem.nl It.nlf-sih eorre- 
lation 

Knapp and Clark 
(1950) 


in IWf Caitlf TW» |i*iin'r an ♦Ju'Im.* 

rr;'r>n<'S Ly KnatT c.K f Bn*} Inal lR*t.a M c>ur!a ra.s>^k! 































698 BREEDI^G AND IMPROVI Oh I !«'/ 

hmh for those characters reflecting fced-lot efficiency and carcas-s quahtj 
IIo^\c^e^, even if further studies should indicate that the figures upon 
^\hich these estimates are based -wore not tjpical of liecf cattle m genera 
and that the estimates need to be revised dovvmward, it docs appear 
hkely that hcntabihties arc high cnougli for selection to bo effective m 
bringing about improv ement in these characters 

Several record-of-porformanco procedures have been proposed for bee 
cattle (Winters and JiIcMahon, 1033, Sheets, 1932, Winters, 19^0, am 
Bureau of Animal Industry, 1941), and the factors usuallj considcrcU 
important vnW bo listed and discussml briefly 

1 Birth irciff/it —Although no one would advocate breeding beet 
cattle for c’ctrcmely heavy birth weights, it has been shown that, within 
the normal weight range, heavier calves at birth tend to grow more 
rapidly later (see Daw son ct al 1947) Tlius, birth weights are a desirable 
but not indispensable item m performance records 

2 ircaning' Weight — Wcanmg weight is important to all beef cattle- 
men because, in general, gains made pnor to wcanmg are cheaper than 
those made later The producers of calves for slaughter at w caning or o 
feeder calves are especially interested m heavy wcanmg weights because 
their income depends upon weight av ailablc for sale at that time It has 
been assumed that grow th rate from birth to wcanmg is largely a function 
of milk production of the dam Gifford (1949) found gross correlations o 
-f0 60, +0 71, +0 52, and +035 between daily milk production of 67 
Hereford cows and daily gam m weight of their calves during the firs^ 
second, third, and fourth months, respectively After the fourth montn 
there was no significant relationship between the two items From this 
data it would appear that, while milk production exerts an influence on 
calf growth, it is by no means the only factor involved 

It has long been assumed by animal husbandmen that hoav ler weaning 
weights are associated with rapid gams during a subsequent fattening 
period Knapp el al (1941), however, found virtually no correlation 
between these items They also found that weaning weight was nega- 
tively correlated with efficiency of gam during a subsequent fattening 
penod Since the heavy calf at wcanmg gams as rapidly after weaning 
as a lighter one, he w ill reach a given market w eight m few or da> s because 
of his headstart In all probability the lower efficiency of the heavier 
weaning calves is due to the fact that they have reached a more expensive 
part of the grow th curve, and not to an inherently lower efficiency Thus, 
these observations do not constitute an argument for selecting 
w eaning calv es 

3 Gam and Efficiency of Feed UlUtzalton during a Feeding Penod ■ — ^Becf 
cattle are ordmanly fed a heavy gram feed for a penod of time pnor to 
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being marketed. The animal which gains rapidly during this period has 
to be fed fewer days, with a resulting saving in labor and a more rapid 
turnover of capital. The rapid-gaining animal also tends to be the most 
efficient. This relation is by no means absolute, however. 

Since no other characters seem to be highly enough related-to feed-lot 
performance to be of predictive value, feeding tests are needed to measure 
this important character. How such feed tests should be conducted is 
not a settled question. 

Earliest proposals were for a feeding period of a fixed number of days 
after weaning. This is by far the most convenient method, but has the 
disadvantage that the animals may be in very different portions of the 
growth curve during the period of similar chronological age. In general, 
the heavy weaning calf vail be at a disadvantage in efficiency evaluations 
because he will be heavier throughout the feeding trial and therefore in 
a more expensive part of the growth period. This method is, therefore, 
not well suited for measurement of efficiency (see ICnapp and Baker, 
1944), but since there is little or no relationsliip between weaning w'oigbt 
and subsequent rate of gain, it does provide a convenient and acceptable 
method of evaluating rate of gain for use in selection. 

It was later proposed (Black and ICnapp, 1938) that animals on test 
bo fed through a given weight range, the suggested period being from 
600 to 900 lb. live weight. They showed a very liigb relationship botw'eeH 
rate and economy of gain using this method. 

Guilbert and Gregory (1944) pointed out that animals differing ii^ 
rate of maturity may differ greatly in composition at a given weight- 
Since the energy requwed to produee fnt greeter then thet reqvhred to 
produce lean meat and bone, it is apparent that the early maturing, 
rapidly fattening calf would bo at a disadvantage in ev’nluating efficiency. 
They recommend feeding to a definite degree of finish in an effort to 
control the compo.sition of the gains. 

Although there is no basic relationship between size and cfficiencj', 
many of the overhead costs of livestock production tend to Ihj on a “per 
head" basis. Thus, as Brody (1939) has pointed out, it may be more 
economical to produce the same amount of jiroduct from fewer animals 
of large size than from a larger number of smaller animats. 

It would appear, therefore, tliat the mctho<l of selecting on the basi.s of 
rate and economy of gain during a constant weight jicriod would ho 
satisfactory' from a practical standpoint t/iL were eombineil witli selection 
for satisfiiotory carcass Iini.«h at tlic de-siml weight. 

All inve.stigalors are agrc'od that the fct‘ding perioil should l>o one of 
full- or wdf-feoding. Knnpj) mul Baker (1913) fount! that genetic 
differenre.s were not oxprcssctl hetwwn wire progenien if a limitotl feetl 
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hmh for those characters reflecting feed lot efficiencj and carcass 
Hoi\e\er even if further studies should indicate that the figures upo 
vhich these estimates are based uere not t>T)ical of beef cattle in genera 
and that the estimates need to be revised dovravard, it docs appear 
likelj that hentabihties are high enough for selection to be effective m 
bringing about impro-v ement m these characters r v. f 

Se\ eral record of-performance procedures have been proposed for ee 
cattle (Winters and McMahon, 1933, Sheets, 1932, Winters, 1940, and 
Bureau of Animal Industry, 1941), and the factors usually considereo 
important i\ ill be listed and discussed briefly 

1 Birth —Although no one would advocate breeding b^i 

cattle for extremelj hea\'y birth weights it has been showm that, wit m 
the normal weight range, heavier calves at birth tend to grow 
rapidlj later (see Dawson et al 1947) Thus birth w eights are a desirable 
but not indispensable item m performance records 

2 ITcaning eight — Weaning weight is important to all beef catt e- 
mcn because, m general gams made prior to weaning are cheaper than 
those made later The producers of calves for slaughter at weaning or o 
feeder calves arc especially interested in heavy weaning weights because 
their income depends upon weight available for sale at that time It has 
been assumed that growth rate from birth to weaning is largely a function 
of milk production of the dam Gifford (1949) found gross correlations o 
+0 GO, +0 71, +0 52 and +0 35 between daily milk production of 5 
Hereford cows and daily gam m weight of their calves during the 
second, third, and fourth months respectively After the fourth mont 
there was no significant relationship between the two items From this 
data it would appear that while milk production exerts an influence on 
calf grow th it is bj no means the onlj factor inv olv ed 

It has long been assumed by animal husbandmen that hoav ler w eaning 
weights are associated with rapid gams during a subsequent fattening 
period Ixnapp ct al (1941), however, found virtuallj no correlation 
l)ctwccn these items The> also found that wcanmg weight was nega 
tivolj correlated with eflicicncj of gam during a subsequent fattening 
pinod Since the heavy calf at weaning gams as rapidlj after wcanmg 
as a lighter one he will reach a giv cn market w eight m fewer day s because 
of his headstart In all probability the lower efficiencj of the heavier 
weaning caU es is due to the fact that thev ha\ c reached a more expensu e 
part of the growth cun o, and nottoaninherentlj lower efficiencj Thus 
tln'^e ob^onattons do not constitute an argument for selecting hght 
v\t ining calves 

3 Gam and Efficiency of Feed UMizalton during a Feeding Period -Beef 
cattle are ordmanij fed a heavy gram food for a ponod of time prior to 
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being marketed. The animal which gains rapidly during this period has 
to be fed fewer days, with a resulting saving in labor and a more rapid 
turnover of capital. The rapid-gaining animal also tends to be the most 
efficient. This relation is by no means absolute, however. 

Since no other characters seem to be highly enough related to feed-lot 
performance to be of predictive value, feeding tests are needed to measure 
this important character. How such feed tests should be conducted is 
not a settled question. 

Earliest proposals were for a feeding period of a fixed number of days 
after weaning. This is by far the most convenient method, but has the 
disadvantage that the animals may be in very different portions of the 
growth curve during the period of similar chionological age. In general, 
the heavy weaning calf vill be at a disadvantage in efficiency evaluations 
because he will be heavier throughout tlie feeding trial and therefore in 
a more expensive part of the growth period. This method iSj therefore, 
not well suited for measurement of efficiency (sec ICnapp and Baker, 
1944), but since there is little or no relationship between weaning weight 
and subsequent rate of gain, it does provide a convenient and acceptable 
method of evaluating rate of gain for use in selection. 

It was later proposed (Black and Knapp, 1938) that animals on test 
be fed through a given weight range, the suggested period being from 
500 to 900 lb. live weight. They showed a very high relationship between 
rate and economy of gain using this method. 

Guilbert and Grcgoiy (1944) pointed out that animals differing in 
mtc of maturity may differ greatly in composition at a given weight. 
Since the energy required to produce fat is gi eater than that required to 
produce lean meat and bone, it is apparent that the early maturing, 
rapidly fattening calf would be at a disadvantage in evaluating efficiency. 
They recommend feeding to a definite degree of finish in an effort to 
control the composition of the gain.s. 

Although there is no basic relationship between size and efficiency, 
many of the overhead costs of livestock production tend to l>c on a “per 
head” basis. Thus, ns Brody (1939) has pointed out, it may be moro 
t>conomical to produce the same amount of product from fewer animals 
of large size than from a larger number of smaller animals. 

It would appear, thoroforo, that the method of selecting on tlm basis of 
rate and economy of gain during a constant ucight i)crio<I would lie 
ffalisfdctory from a practicnl standpoint i/it uere coml)ine<l uith wk'ction 
for witisfnelor\- carcass fmi-h at the dcMfctl u eight. 

All investigators are agreed that the feeding }H'rio<l should l>e one of 
full- or self-fet*ding. ICnnpp and Baker found llial genetic 

difft rences were not e.\iJre-s*-ed between sire pn)gonie.s if a limited f«‘d 
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Tio 200 — Augns bull (lop) Pnnce Sunbeam 249th, 1948 Grand Champion bull 
national LiveatocV. Show, shown by Ellerslie. ChaTlottesvitle, Va , and cow {bottom) t-u 
meres EfTie W , Grand Champion female, 1948 International Livestock Show, 

J Garrett Totan Farms, Pleasant Plains, 111 fCourlesj/ of Amencan Aberdeen Ang 
Dreederi’ .t(«xtction ) 


intake put a ceiling on rate of gain Knapp and Clark (1947) found that 
genetic differences, in rate of gam trere not fullj’ expressed until late in a 
long feeding jieriod The apparent heritabilities of gain tt ere 10, 54, 

84 per cent m the first, second, and tlurd 84-day periods of a 252 -day fe^' 
ing period, respectively Thus, the chance of getting very much genetic 
information from a feedmg period of less than 168 days appears to be 
slight. 
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4. Type and Carcass Evahialion . — Type in the live animal can be best 
expressed in terms of a grade or score given to each animal at the end of 
the feeding period. For the steer progenies slaughtered, carcass grades 
'should be taken as the best possible evaluation of type. 

The above discussion points out the records which are valuable in beef 
production. Although the most efficient method of using performance 
records in selection cannot be stated with certainty, it does appear that 
each breeder can work out a system -which, although it may not be 
perfect, will be distinctly superior to no records. 

Each calf should be evaluated on the basis of his own birth weight, 
weaning weight, rate of gain, efficiency of gain, and body type. 

' A dam should be evaluated on the basis of her calves' performance, 
with special emphasis on weaning weight since it reflects maternal ability. 
More than one record is desirable for evaluating-a cow, since the corre- 
lation between the weaning weights of calves from the same cow is only 
about -fO.SO and between type grades onl}' +0.33 (Koger and Knox, 
1947). Koger and Knox found, however, that a heifer whoso first calf 
was decidedly poor (barring accidents such as crippling) was never a 
heavy producer later in life. Thus, some culling of first-calf heifers can 
be safely done with little or no chance of discarding a valuable cow. 

Efficiency records on individual animals can only bo obtained if indi- 
vidual feeding is practiced. This expensive practice is probably not 
practical for the average breeder. He can, however, group feed and got 
individual weight records, and if the groups are fed by sires can got sire- 
progeny efficiency records. 

Theoretically, sires can best bo evaluated upon the basis of tho per- 
formance of a number of offspring, preferably at least eight to ten. Since 
rate and economy of gain arc apparently relatively high in hcritability, 
it may be that progeny testing is not nmlcd for sire evaluation. Tho 
Ij.S. Department of Agriculture has recently been c.xperimcnting with 
the method of evaluating prospective herd bulls upon the basis of their 
performance under a hea\' 5 ' grain-feeding program for a period of G}4 
months. Those animals performing liest can then bo used for brooding 
in tho regular herd at about fifteen months of ago' without waiting the 
additional 2 years nccc.s.snr>' for progcny-to.st information. 

Results to date indicate a high correlation Ix'twocn tho iK*rformanco of 
a sire ami that of his gel. This is to Im? c\'pe<;ted if heritability is high. 
This method needs extensive trial in other hortls. 

luill feeding of prosjH'ctivc breeding lieifors is ordin.arily not jimetici'd, 
but many iiro^pectivo show animals nro full-fotl without nppnnait hnnn. 

U heifers are to be properly ovalualcd for gidning ability, it is desirnbh* 
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to full-feed them for a period, although it is recognized that this may not 
bo possible in some cases. 

A cooperative beef-cattle breeding program has been recently started 
by the U.S. Department of Agricultuie and cooperating state experiment 
stations, with Dr. R. T. Clark of Denver, Colo , as coordinator. 
Inbreeding and performance testing are being carried on by a number of 
experiment stations. Due to the slow rate of reproduction in cattle, 
this program can not be expected to pioduce results so rapidly as the 
Regional Sheep and Swine Breeding Laboratories. The progress of this 
program will be v atchod -with interest. 



Tio 211 — La&sio of W.T. 92007, Grand Champion Red Poll female at the 1010 Indiana 
State Pair The Red Poll is a duaUpurpogo brec<l of cattle {.Courtesy of Purdue Uruvcraxty, 
Lajaydle, Ind ) 

Selection in Dual-purpose Cattle. — Because dunl-puriioso cattle are 
kept both for milk and beef production, it is obvious that breeders should 
use both tho index commonly in iiso in dairj* herds as veil as the one now 
in process of formation for beef animals. Tho problem hero is similar to 
that found in all classes of livestock, pic., the securing of suflicicnt data so 
tlmt selection may be practiced in keeping with tho known laws of 
inheritance, in otlicr vords that it rest on a sound genetic basis. 

Dual-purpose cattle selection is not very difTcrent from that prevailing 
in all other classas of livestock, for most breeders tr>' to select for more 
than one thing at a time. Here wo aro selecting for tuo major things 
at once, milk and Inxif, and in luhlition the two things are to some d<*greo 
anlagonintic. AVc knov, theivforo, at the .^tart that \\c uill pnihably 
never com\»iue both things in their extreme tlegns^ in any one animal. 
The ht'cf hnxxls ha\ e many g»‘iies for Iss-f priKliiction and a few fop milk 
protluelion owing to the hreisling and M'h'ction that has !>een pnieticei! 
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in the past The opposite situation, of course, prevaiis in the dairy 
breeds Diiai-purpose cattle breeders uant about a 50-50 combination 
of beef and milk genes Discovering the animals that come ‘ 

having such a genetic make-up by testing and ^ord keeping, fo Ion eo 
by intelligent mating and the use of some degree of inbreeding, shouio 
eventually produce superior strains of dual-purpose animals 

Summary.— In this chapter -ue liave reviewed the evidence tnat 
hereditary diflerencea exist in virtually all characters importantly relate 
to the efficient production of high-quality meat-animal products.^ i 
has been pointed out that there is a definite relation between visu^a 
appraisals of type and carcass quality of enough importance that inai- 
vidual appearance will continue to be used as one criterion of q^ali^ 
Visual type appraisals are, however, poor indicators of productive e - 
ciency and must therefore be supplemented w ith production recor s i 
maximum progress is to be made. The breeding of meat animals is jus 
beginning to bo treated as a science, and wo can look forward to an 
increasing rate of development in the future. 
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CHAPTER XXIII 
SELECTION IN HORSES 

The creation by selection of the various types of horses from one or a 
few wild progenitors has been one of man's most interesting an 
lielpful accomplishments. The development of more efficient 
accomplish physical labor is simply the story of an advancing civilization. 
As a savage, man’s only source of power was his own muscle, and in or e 
to survive he had to use it so continuously that little time or energy "^a 
left for cerebration. At some time the idea dawned of using anima 
power to supplement or replace his own limited supply, and many anima 
have been so used, among others the dog, ox, yak, camel, llama, goa , 
elephant, ass, and horse. Later, ■water, steam, gas, electricity, an ^a®^ 
lino were used, and now the tremendous perwer of the atom is about o e 
harnessed for constructive progress. ^ 

The following figures^ suggest the very rapid rate of increase in mec an 
ical power in the United States. 


Year 

Total horsepower 
in prime movers 

Horsepower 
per capita 

18G0 

1 15,793,000 

1 0 50 

1900 

04,193,000 

0 90 

1940 

1,230,816,000* 

9 35 


• For tf«ctor» and automobile* drawbar equivalent waa used rather than rated horsepower. 

If we calculate that 1 horsepower is the equivalent of 10 man power, 
it is evident that each person living in the United States in 1940 had as 
his servant.s the equivalent of about 93 slaves. (Like the -wTiter, yo^^ 
probably wish at times that some of these 93 -w’ere a little nearer at hand ) 
^ Savages existed with no source of power save their own muscle, an 
w ithout the adoption of outside sources of power we would still be eking 
out a precarious existence as sava^. 

In 1787, the year the Constitution was framed, tbo surplus 
produced by 19 farmers went to feed 1 city person. In recent years 19 

‘ Flares supplied through kindness of Z. U. Pettit, chief statistician for Agricul- 
turv, Bureau of the Census, Department of Commerce, ’Washington, D.C. 
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people on farms have produced enough food for 56 nonfarm people plus 
10 living abroad.^ 

This is probably due, for the most part, to the fact that the modern 
farmer has more efficient sources of power. In ancient times a few 
people could live well and enjoy leisure because they had enslaved other 
human beings who were compelled to work for their keep. Today our 
slaves in America are machines. 

Among the animals that have been domesticated and whose energy 
has been used to supplant human muscle, the horse is the most interesting 
and the most important. Next to the dog, among the larger animals, the 
horse apparently has the greatest capacity for responding to man’s 
friendship. From the earliest times he was both helpmate and com- 
panion. The maximum efficienci'’ of both man and horse during work, 
according to the researches of Brody and Trowbridge, ^ stands at 24 per 
cent, wdth steam engines at 15 per cent, gasoline engines at 18 per cent 
*‘at the belt” and about 13 per cent “at the drawbar,” and Diesel 
engines at 35 per cent. Many other factors, of .course, are involved in 
the choice of the “best” source of farm power. 

In addition to supplying power, the horse had filled a great variety 
of human needs. History, unfortunately, is too largely the story of. 
war and conquest, and, although “struggle” is the keynote and first 
necessity of a nation’s or an individual’s progress, it is to be hoped that 
less devastating forms of struggle than war can speedily bo devised. 
Associated with the famous warriors of the past, there generally is found 
their favorite horses, e.g., Alexander the Great and Bucephalus, Napoleon 
and IMarengo, Washington and Nelson, Grant and .Jack, I^co and Traveler. 
These men’s names live in historj'; their pliysical likenesses, generally 
astride their favorite horse, on canvas or in bronze. The place of 
cavalry in war is too well known to need repetition here, and the .same 
IS true of the place of the liorso in moving supplies, guns, and other 
equipment. During the First World War the United States shipped 
abroad for war purposes nearly 1 million horses and over ^ million 
mules. And, in spite of motorization, the horse played an important 
part in the Second World War, for Germany is estimated to have used 
o\'cr 200,000 horses and mules in the Polish campaign and 750,000 in the 
conquest of the Low Countries and France. 

In addition to his Fcr\-iccs in w'ork or war the horse 1ms fille<l, and will 

* MeCnonr, S. H., Hf.vdiiicksos, K. F., and CoMMimm, TrchnoIoKicftl Trrruli 
m Itrlnlion to .\RricuUurc, reprint from Rci»ort of Sul>cotnniittoc on Trclinolofo* to 
ttjf XftUotm! Ucf*outT<-i Committee, 193", p. 09, 

* UnooY, R., (tnil K. A., Ltficicnrj' of ilorwi, Men, nml Miilorx, Me, 

•V. Sta. Uul. 3S3, 
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probably continue to hll, a great place in pleasure and sport 
Amcnca, lie proi ided the most rapid means of land transportatio 
Lencan Standaidbred and Saddlebred finaUy gren out ^ ™ * 
Southern colonics and men today Virginia Tennes^o, Kentucky 
retain first place in the production of this light-ho^ type 
and Northern colonics developed a somenhat heavier gen 
horse, uhich proiided the basis for the later draft-horse devol°pment 
Riding, racing and polo still claim the attention of millions o 
cans, and there appears to be little likelihood of abatemen 
interest eonmis 

As a source of po%\er in cities and on farms the horse IS having 

competition from the gasoline engine Both the motor and t e ors 
ha\e ad\antagcs, some of i\hich are listed below 


Motor 

AdNantagc^ 

More Mork m Ri\cn tunc 

No permanent unsoundnes^os or disease 

Can work daj and nifiUt 

No care nor fuel while not working 

Lms man power needed 

Use for belt power and custom work 


Horse 

Advantages 

Lower initial investment and depreciation 

Power of reproducing 

Live on home produced feeds 

Flexibility use 1 or 30 

Help maintain soil fertilitj 

Less actual cash outla> 


The advantages of one arc to a certain if not the full degree disa( 
vantages of tho other Whether motors will entircl> displace horses oi 
a source of farm pow or is for the future to answ cr The American farmer, 

like workers in all other fields, is becoming more and more cfTicien » 
j e , he produces more m less time and with less human ph>sical cuo 
'Hus tends to create a puzzling economic problem, for it means w e can 
profitabl} consume all that is produced if all work as manj hours a 
or a week as thej did under less efiicient methods of production ^ 
individuals, we arc not interested in efliciencj for efficiency’s sake bu 
onlv in tninslatmg cfficicncj into better living for ourselves and our 
families If our cfficicntj can lie made to mean a greater net income oi* 
the same mcome from levs hours of labor, the average man is definite y 
interested Hours of labor have shown a steady decline for the 
40 years, it is probable that the bottom in decreased labor time has no 
yet iKtn reachoil 

Tlio famu r is on the lookout for more efficient sources of power 
engineers can provide machines that can do tho general run of farm 
work more tfficientlj and mom cheaply than can tho horse, it 
cert un that farmers will find ways to buy these machines Tabic *> 
fhows something of the tttnd in forms of power on tho farm 
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Table 58. — Potveb ok Faems 



1920 ^ 

1930 




25,742,000 

229,332 

19,124,000 1 
920,021 
841,310 
900,385 
4,134,676 

13,931,000 , 
1,567,430 
' 2,032,316 

1 1,047,084 

1 4,144,136 

8,274,000 
2,458,628 
! 2,787,624 
. 1,490,300 
4,148,275 



Trucks. 

150,000* 

2,000,000* 




* Estimate. 


In any event the farm horse is going to have to try to meet this compe- 
tition. It seems unlilcely that the farm horse will be totally replaced 
by machines, and it is evident that horse breeders must use every possible 
means to improve their methods of selection so that only sound, durable, 
and efficient types of horses \vill be produced. 

Many farmers who keep horses and raise colts do not have sufficient 
numbers of animals to justify the keeping of a stallion, which means that 
they must patronize various and sundry owners of stallions. In the 
early part of the twentieth century, tlicre were many unsound and poor- 
typo stallions and jacks standing for public service at low ser\'ico fees in 
the Midwest, and many also that were improperly registered. In order 
to protect both the owners of good pxircbred sires and tlio ovmers of 
marcs, some states inaugurated stalHon-cnrollment or licensing .sorv'ices, 
which required the payment of a fee for enrollment or licensing, provided 
the stallion was adjudged sound upon inspection by a veterinarian, and 
the inclusion of a copy of the license in all advertising. Other states 
were, of course, forced to follow suit to prevent the dumping within 
their bordcra of inferior stallions from states that had adopted such 
legislation. This is the only class of animals in which legislation has 
been invoked as an aid in bringing about improvement, TSventy-two 
states from New York and New Jersey on the Atlantic to Washington 
Oregon on the Pacific and including Kew ^Icxico and Oklahoma in 
the South now have stallion registration boards, and a national n.s.so- 
ciution of these state boards was formed in 1910 and Is still functioning 
with Prof. W. L. Blizznnl of Oklahoma ns its president and Prof. 11. B. 
Cooley of Indiana as Bccretarj*. 

Although the state laws for licensmg staUions and jacks varj* somewhat , 
m gcneml it may be said that to Ixo eligible for public M'la'icx* a st.allion 
must Ih) free from sidebone, ringbone, bone sp.avin, curb (wljen nreom- 
PJUju'd by curhy formation of the hock), glanders — farcy, tnnltulir-dn- 
urclhnd gleet, and mange, lie mu.st l>e registcrtHl in a n.ationnll.v 
*^'^*>gnited registry* njisociatlon or Ixe ndverllso<l ns a grade, in rome 
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only sound pureb.cd stalljonn arc J." „U." 

states an unsound staU.on or jack may be hcen^d, but 
unsoundnoss must bo sbonn on the fate of the beem 

The mam purposes of stalhon-enrollmcnt law s re« thouebt 

m,sreprcsentat.on m adrertismB and to ^ „ot 

bkeh to spread .nfectmus diseases or a t elopment 

stand up under bard nork and, comcrsely, to cncournB „ „„Urocnt 

a sound breeding program for horses 'fbat '“^d, 

Ians hate accomplished their mam purposes cannot ^ , 

although It IS impossible to estimate their financial adtnntagcs t ^ 
ers, farmers, and the respectite states, their contribution to a better 

average tj pc of horse IS admittedly \ erj great 

GeL "Bases for Selecbon in Horses -In general there am fite 
types of horses, iiz , draft, heat-y harness, light harness, saddle , 
pomes They are maintained m the final analysis for but one thing, 
their ability to move for ita omi sake, as m the various J 

dnving, hunting, nding, polo-playmg, etc , or their nbiht> to mo 
as m \anous forms of draft -Rork Tlio entenon of selection i 
has always been their ability to do certain things plus, m ’ 

their beaut} of appearance In the hca\-} and light harness ^ 

pony, and the Saddle Horse used m the Bho^\ ring, perhaps equal 
has been gnen to appearance and performance In the hunter, u 
saddler, draft, and \arious tj-pes of racehorses the mam influence s ap 
selection has been performance, ^^lth somewhat loss attention pai 
appearance Tlie distinct l>pcs of horses ha\ e e% oU ed quite natma * 
as breeders selected those vhich excelled m the xanous tjpes of pe 
ances, and so it has come aliout that m horses perhaps more than in ^ ^ 
other class of livestock “type is production” Draft power calls or 
compact, heav'y, lo^\-set, heavily muscled, and clean-boned anima ^ 
a relatively docile disposition Speed calls for a lithe, lean, relati'O ^ 
long-muscled and light-boned animal with plenty of animation an 
highly de\ eloped ner\ ous temperment The mdi\ iduahty of the anima^ 
its phenotype, because this so closely correlates with its performance, 


and should be the most important consideration m selection 

Pedigrees, if relatively complete m terms of records of performan^^ 
(work, speed, show winnings, etc ), can be of x erj great usefulness ^ 
proxidmg a safer basis for selection, and progeny performance, ^ ,g 
classes of livestock, provides the one xmassailable test of an anima 
breeding merit Performance records are ax ailable for x anous 
of racing horses, winch proxidcs something comparable to milk-prndnc 
tion records m cattle To a limited extent, show winnings are axaila ® 
forheavyandlighthamesshorsesandSaddle horses Thedynamom® ® 
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is available for the testing of draft power in heavy horses, but thus far 
it has not been used in any practical way to help in the selection of draft 
horses. 

The principles of inheritance in horses are similar to those in all other 
classes of livestock. The horse is the product of its genes times its 
environment. In this class of livestock, the environment in the form of 
training plays a much more important part than is true in any other 
class of livestock. Proper feeding is essential if any animal of any class 
is to grow out to the normal set by its particular genes. Cattle, sheep, 
and swine require no particular training, whereas training in the horse 
is fully as important as good genes. An offspring of Dan Patch and Lou 
Dillon would hardly be expected to do 1 mile in 2 minutes if it had grown 
up on pasture and spent the years from three to five pulling a grocery 
or laundrj’^ wagon. 

More also in horses than in other classes of livestock do we need balance 
between the several parts of the body and between the physical and the 
mental make-up. We can overdo compactness in a draft horse until we 
reach the point whore we have an animal that cannot move effectively. 
Wo want length of leg in a racehorse, but we can reach the point whore 
further increase in length of leg detracts from rather than adds to speed. 
Likewise, wo can have too phlegmatic a draft horse or too high-strung 
and nen'ous a Thoroughbred. 

The halving and sampling nature of inheritance prevails in the horse 
as well as complex interactions between groups of genes providing favor- 
able and unfavorable “nicks.” We still have far too many horses ill- 
adapted, both from a genetic and from a training standpoint, for the 
purpose they are supposed to fill. With the number of horses declining, 
it is of great importance that wc uso all means available, and perhaps 
design now ones, to measure both the performance and the transmitting 
qualities of those remaining, so that the less efficient may bo tlio first to 
go and the better goncs discovered and put together in more desirable 
and homozygous combinations. 

Buying Horses. — Buying a Imrsc, even for the initiated, is something 
of a gamble. This is due to the fact that, in tlic short space of minutes 
or hours with the knowledge that many faults can be temporarily covered 
tjp tljrough clever manipulation, wc must evaluate a complex pIiyAieal 
and mental make-up for use over long hours of work through day.s 
fetietehing into years. 

As uUh all other elasce.s of livc.stock, the first consideration is that of 
general healtli. Horses that have Iw'cn j'hippefi or have pasM^l througli 
wdiw ^^ables may hav(' had the opportunity of picking up various germs 
e»wh as thoM* musing jdeuropneuinonia (shipping fever) or infltH'nza. 
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Such ailments ^ery seldom prove fatal, 

of horses considerable ^rWorm energy mto 

Since the horse is maintained for his ability , , , of the 

useful vork or to provide pleasure m o'- 

most important things to be appr^d is his d'sposd ^ 

not there are genes for obnomous dispositions dispositions, 

knovn, but something does occasionally give nse ^„,ed, 

and whether genetically or, probably more often, onvironment Wy ^ 

vedonotvantthem Undesirable dispositions may man est the^ 

m the stall as halter pulling, kicking biting, '[ ebbing, 

trotting, weaving, cribbing, wind suckrng, ”“"6” ^d balking 

etc , and outside the stall as an unwillmpess to be harnesse 
mnmng away, stumhlmg, etc Work bocomes doubly hard 
must be performed with the aid of recalcitrant *>onste. 
maintamed for purposes of pleasure the first prerequisite g 
Eicn if not dangerous or particularly obnoxious, many 
and vices consume considerable energy for ^hich the o-amer g ^,^0 

In addition to securing healthy horses that arc free from o ] 
manners and vices, one must, of course, select horses whosot^es 
for the specific functions that they are intended to fulfill This, ol c 
has many gradations from ponies to draft horses Limitations 0 ^ 

and the general a\ailabihty of excellent discussions on tjTies o , 
for specific requirements in book and bulletin form make both impo ^ 
and unnecessary similar discussions at this point Since the va ue 
horse depends so largclj on his ability to move from place to place, 
feet and legs should receive first and major attention or, sai 
conciselj, "no foot, no horse” Fully as important, howe\er, are 
matters of sound -wind and good e>cs Any unsoundnesses 
logs inabilitj to breath easily and normally, or anj impairment o 
should be ai oidcd in purchasing hors(« Since he is not a gift ® 
liettcr look m his mouth too m order to check on the soundness 0 


teeth as IS cU as his age tg 

One final consideration remains, after having checked on a horse 
freedom from x ices, his dispc^ition, his soundness of foot and limb, i' ’ 
mouth, and cjesight, his action, his general t^Tie of build as to the 
or scr\ice it is intended to ha\c him perform, viz , his adaptabihtJ 
Hieciftc i\ork * 

A horse maj poe«e^s proper con(orm*ition, be sound, snd have good artion J 
still not be -iNcU adipted for a specific ivork, con-icqucntly it is ^cr> 

Hut he be thoroughly cxainm«l at the work for which he is wanted * 

• ItErsi , II II , IIow to Select a Sound Horse. 17 jS Dtvl Affr Farmers' ‘‘ 

pp 21-22 
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horse is to be used for heavy hauling for draft purposes, steady pulling under all 
conditions is an indispensable quality. For harness use the horse should drive 
promptly and freely with an easy, rapid gait and an alert expression, taking just 
sufficient hold of the bit to be in hand without causing the driver to pull on the 
lines. The saddle hoi-se should have an easy, prompt mouth, style, graceful 
carriage and should stand quietly to be mounted and dismounted. 

Some horses are difficult to harness and object to taking the bit in their mouths; 
others jump when an attempt is made to place a saddle or harness on their backs; 
while still others offer a great deal of resistance to having the crupper placed 
under their tails, which, if due entirely to general muscular strength and tension, 
may be an indication of endurance- While being hitched up or mounted the 
horse should stand quietly and should start promptly but quietly on command. 
For any purpose the following vices should cause the animal to be rejected: 
balking, backing, rearing, kicking, striking with the forefeet, or running away. 
I^ss important vices are: throwing the head up or do^m, shjdng, scaring, breaking 
loose when tied, resting one foot upon the other, grasping the bit between the 
teeth, rolling wdth the harness on, or switching the tail over the lines. Occa- 
sionally the last named vice causes the horse to kick, in which case it becomes 
dangerous. 

Enlargements or scars (due to deformity, unusual mishap, or uncommon 
disease) not conforming to any of those discussed sliould cause n horse to b© 
rejected unless the nature of the cause and the detriment to the value and useful- 
ness of the animal is self-evident. 

Experience gained by examining largo numbers of horses will aid in quickening 
the eye and judgment, thereby making it possible to pci ccive readily any unusual 
condition, but it should be remembered that n huiried examination is liable to 
prove a disappointment: consequently plenty of time should bo taken in making 
ttie exantmation, because time fs much cheaper than money tfed up m an tcn'>iit£s% 
factory liorsc. In some countries nine days arc allowed by law to the purcha'icr 
in which to learn of the serious forms of unsoundne.ss or vice in a horse, so that in 
this countiy it would seem fair to allow at least a <lay for a trial when practicable. 

If possible, get a histoiy* of the animal, and while you are about it get a history 
of the person having it for sale. Po many defects may bo covered up by such 
unfair methods as drugging that it is a good plan to nmkc purchases only from 
persons uith good reputations. 

Horses offered at auction s:ile.s should pirfcrahly be thoroughly examined 
prerious to their being brought into the ring; at Iciist the}’ should be tritsl.out in 
eomplianco v ith the nilcs of the s-'ilc before time for sottlenicnt. 

rinally, it is veil not to form the habit of seeing only tlie defects, for hordes, 
like j>eopic, arc fcldom perfect; consctiuently in judging them veigh the gwHl 
(lunlities against tlie bad. A hor>e should Iw value<l by the amount of serv'iec 
it will iwrform nilher than by its minor shortcomings. 

In enw' of the piirrba.se of mares mtendisl to .‘•en e in whole or in part nn 
brcxsl inan'.s, attention sliould l>e given to their ixslign'es, their collatenil 
ndatives, and their offspring in addition to their own individuality. 
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Breeder Must Know H.s °™ on/phcnotype lendms 

horses by and largo huvo been sel(Tt<Kl on the 1 ^ ^^,„,i,,end,lo 

iteclt to the effieient ot, for .1® 

period of time, they arc as yet tar J™™ ‘ ,^i,en bred to 

The best appearing mare may not Iregct , .TO orth-uldlo 

stalhon A although she might .f br«l to Btutl'on B- 1 1 » 

and sometimes verj-srrrprjsmg exem.se tolcadout^ 

slanding the foundation female at the head of . Joit<,nrinR of each 
and arranginR her offspring behind her so la ft.nialc lm<^- 

successiv Aire u.cd ^nll form a line at nglit angle, to the hma 

pa£fod3 * 


FoundatioB Wares 


PcnteHa’s Farcrilc 


Dope'* rrlrjwe 





laEdh’ 


Kontopecar H . Inollt* Lorca* 


Lonsop* Konhysop'*L:^7* ^ 

lljlea* “Lcnise* Kathleen 


* Indicates EtOl la Brood Ware Band . , /-malrs »® 

Fio 212.— Famil} chart of Umveraity of Maanachu-vtlta Pcrcheron^ OR > 
liviQg lines shown. 

This is easily done with horses and provides the opportunity for 
the whole band of mares itilh their offspring, of sizing up and eva ua 
the contributions of both sires and dams and arriving at an cstii^ 
the good and bad features of the group as a whole, and of trisualizi^^S 
trend.which the group as a whole is apparently taking. . ^ 

The story of the Percheron breeding at the ^lassachusetts State ^ 
is shown diagrammatically in Fig, 212. Two clo«cly related m 
Pentoila’s Favorite 1G4G11 and Dope’s Primrose 103-121, born 
spring of 1920, were purchased from Ohio State University’ in 1023 
dam of the latter was the maternal granddam of the former, 
maternal great-grandsire of both was the same animal Diamant 3 ^ 

and both mares were sired by Libretto 121447. Tliey therefore 
40 per cent related Both mares were in foal to Colin 160024, a gran““ 
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of Carnot 06CC0, vrlien purchased and dropped filly foals, Lilly and Bose. 
These two mares (see Fig. 214) together with their filly foals appeared 
to be an e.xcollont foundation for a band of Percherons together with a 
good homebred marc Daffodil’s Bello. 

However, the Dope’s Primrose line quickly faded out. She was fifth 
Futurity filly at the International in 1921, fifth three-year-old mare at 
Ohio State in 1923, second aged mare at Eastern States Exposition in 
192G. Besides her daughter Rose by Colin born in 1924, she left two 







FiQ. 213. — Perchcron stallion Libretto. 

colts by Revelation 381000, called Baj’' State Reliance 204527, which ^\as 
first as a colt in 1930 and as a U\o~ycar-old stallion in 1932 at Eastern 
States and sold as a stallion, and Jerry, a male born in 1927 and used on 
the faim ns a gelding. She did not conceive to breedings in 3924, 1925, 
1928, and 1930 and bore a dead male foal in 1928. Her daughter Bay 
State Rose 18021 1 boro a male colt in 1928 that was altered. She failed 
to breed in 1928 and thereafter was used as a uork horse until 1938 
"hen she was sold Dope’s Primrose was sold in 1932. This mart', 
ultlicjugh a good individual and purchased ns a foundation marc, made 
no contribution to the hor<l, and lior lino has cntirelv disappe.arcd. 



ns BUErm.GANOU,PnOVnMKNTOFF,m<ANWALS 

The other marc, Pentoila’s Favorite, nlj^State Lilly 

mare through having left one rca > ^ daughters, 

186213 by Colin in 1924. “/“'"tVere not kept liccauso of 

Favorell and NoveUe, by 181000, Hosalind in 

deficiencies m ty^o, as ^incU as 2 bj 1 , . 1 foal that was 

1928 and Rosabelle in 1929 .f,;”"Xd drop^ 3 dead foah, 

sold, and she herself was sold 'n i„ addition to 

also 2 that went bad behind and 1 filly that waa solu. 



TiQ. 214 — FouDdation mares. 


Dope’s Pnmrose and Pentoila's Favorite 


these 5 females, Pentiola's Favorite also dropped 5 stud foals, o Vila’s 
died as a foal, 1 t\as altered, and 3 ttere sold as stallions. ^ 
Favorite was first-prize filly foal at the Ohio and Indiana State 
1920, third filly at the Percheron International Futurity in 192 , J 
and reserve champion at Indiana in 1921, first-prize aged mare at 


States in 1924. 


1924, 


Bay State Lilly 186213, a dau^ter of Pentoila’s Favorite bom m 
has been one of the most outstanding brood marcs at the Univei^i y ^ 
liilassachusetts. She was firstr-prize mare in 1931 at 
first and grand champion in 1932, second-prize mare in 1933 an ’ 
and first-prize mare and foal from 1928 to 1933, inclusive, g 

sons have been sold as stallions (Review, Renown, Leander, ana • 
Laletto) ; 2 \\ ere v orking gelding on the farm (Rob Roy and 1-et s 
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One (laughter, Lillian, which had been first as a filly and yearling at 
Eastern States and second as a two-year-old, was sold. '' 

Two other daughters of Lilly, Laura and Lady, by Revelation 181000 
have been used as brood mates at the University of Massachusetts. 
Laura was third-piize filly foal at Eastern States Exposition in 1931, 
first-prize yearling in 1932, and stood second in 1933, first in 1934, 
second in 1935, fourth in 1930, second in 1937, and first mare and foal 



Fio 215 — Percheron rnare Bay State Lilly. 


in 1940 One son, Leader, by Lafayette 204281 and one daughtei, Lala, 
by Lalotto 208524 have been sold as breeding animals, and one daughter, 
Laurel, by Dragon Jr. 113939 and 2 by Laletto 2085424, Lota and Lau- 
i^tte, were brood mares on the farm. Their typo through their rear 
Onarter and the sot of their hind legs, however, resulted in the discard of 
this entire line. 

The other retained daughter of Lilly was called Lady. She was first 
hlly foal and junior champion at Eastern States Exposition in 1932, 
first in her class in 1933, second in 1934 and 1935. Her first colt in 1935 
by Dragon Jr. uas altered, her second and third colts by Lalotto in 
1930 and 1937, Lena and Lady Lou, are brood mare.s on tlio farm, the 
latter having boon first-prize two-yoar-old niarc and junior champion at 



18 BKEBWAG AM) IWtlOynMENT OF FARM AMMALS 

The other marc, PentoiK’s Fat oiitc, ^ Mlj' 

marc through havmg Wt one rcaUy E “j 2 other daughters, 

186213 by Cohn m 1024 f“‘“t,A/ri“ch Vcrc not Kept because of 
ravorcll and No^ellc, bj elit.L 181000, nr , Kosahnd m 

dcEcienacs m tjTC, as troll as 2 bj I j.|. j , ii,at ttas 

1928 and Eosabclle .n 1929 3 dead foals, 

sold and she herself ttas sold in 1934 jn addition to 

also 2 that ttent bad behind and 1 filly that ttas soM 



Tio 214 — ^Foundation mares Dope s Pninrose and Pentoila a Favorite ^ ^ 

these 5 females, Pentiola’s Favorite also dropped 5 stud foals, ^ 
died as a foal, 1 was altered, and 3 were sold as stallions ^.g m 

Favonte was first-prize filly foal at the Ohio and Indiana lunior 

1920, third filly at the Percheron International Futunty in 19 
and reserve champion at Indiana m 1921, first-pnze aged mare a 
States m 1924 , -g24 

Bay State Lilly 18G213, a dan^ter of Pcntoila’s Favonte bom m a 
has been one of the most outstanding brood mares at the 
Massachusetts She was first-pnze mare in 1931 at Eastern 
first and grand champion in 1932, second pnze marc m 1933 an 
and first-pnze mare and foal from 1928 to 1933, inclusive g 

sons have been sold as stallions (Review, Renown, Leander, an ^ 
Lalctto) , 2 w ere v orkmg gelding on the farm (Rob Roy and Let s 
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One (laughter, Lillian, wliicli bad been first as a filly and yearling at 
Eastein States and second as a two-year-old, was sold. 

Two other daughtois of Lilly, Lama and Lady, by Revelation 181000 
have been used as brood maics at the Universit)'’ of ^Massachusetts. 
Laura was third-prize lill^' foal at Eastern States E\position in 1931, 
first-prize yearling in 1932, and stood second in 1933, first in 1934, 
second in 1935, fourth in 1930, second in 1937, and first mare and foal 



Fig. 215 — Percheron mare Bay State Lilly. 


in 1940 One son, Leader, by Lafayette 204281 and one daughtei, Lala, 
by Lalotto 208524 have been sold as breeding animals, and one daughter, 
Laurel, by Dragon Jr. 113939 and 2 by Lalctto 2085424, Leta and Lau- 
rette, -were biood mares on the farm. Their typo through their rear 
quarter and the set of their hind legs, hoiiover, resulted in the discard of 
this entire line. 

flic other retained daughter of Lilly was called Lady. She was finst 
filly foal and junior champion at Eastern States Exposition in 1932, 
first in lior class in 1933, second in 1934 and 1935 Her first colt in 1935 
by Dragon Jr. ^\as altered, her second and third colts by Lalctto in 
1930 and 1937, Lena and Lady Lou, are Jjrood marcs on tlic farm, the 
latter having been first-prize tuo-ycar-old mare and junior champion at 





a bad front foot. ... 

Lena and Lady Lou (fuH ^ters and daughters of Lady) are sti ^ 
the farm, and at present all our horses trace to them ■with the excep 
of two. * . j U ' 

Lena had KonLena and KonLcadcr in successive years, both sired 5 
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Koncliapot and also had Konilia by <hc same stallion. l\lien mated to 
Konliysop, she had Lcnsop, a young mare still on the farm; and when 
mated to Koncarno, she had another filly, Carno Carrie, that we had to 
destroj^ after she broke her leg. For the last two years. Lena has had 
filly foals by Konhopecar II. The first one, Lorna, was Junior Champion 
mare at Eastern States Exposition in 1949 and won her class of eight 
yearling fillies. The second filly, Lucille, shows a great deal of promise, 
and we expect much from this pair of full sisters in our breeding program. 
In this same family line, Konilla has- had a stallion foal that was sold 
as a gelding and has had a filly, Hopeful, by Konhopecar that has been 
discarded ; she was one of tlie poorest in size and t 5 T)e of five good fillies 
by Konhopecar II. Lensop had one filly 'by Konhopecar II that we 
call Hylca. We, therefore, have Loma, Lucille, and Hylea as potential 
female breeding replacements that trace to Lena. 

Lady Lou had KonLouis, a gelding, that we disposed of and KonLady, 
both sired by Konchapet. KonLady is a brood mare on the farm and 
foaled with twins prematurely in 1948. Lady Lou had two fillies by 
Konhysop that are both brood mares on the fam; Lousop and Kon- 
hysop’s Lady. Lady Lou had a stud foal by KonCarno that we altered, 
and now she has a promising yearling filly named Louise, sired by Kon- 
hopecar II." Lousop had a stud foal by Konhopecar II that was sold 
as a breeder, and Konhysop’s Lady has a filly foal, Kathleen, sired 
hy the same stallion, that probably will be retained as a brood 
mare. 

The third foundation mare, the homebred Daffodil's Belle, has been 
an average good brood mare. Her daughter Betsey by Revelation 
181000 was second-prize foal at Eastern States in 1931, but she and all 
her offspring have been sold. The other daughter, Belle, also by Revela- 
tion 181000, was not shown. Belle had a daughter, LaBelle, by Lnletto 
and four other foals. LaBelle is the only one present as a brood mare 
on the farm. LaBelle, "when bred to Konhopecar II, had a fillyj Lana, 
that in 1949, as a yearling, w'as second in a class of eight fillies at Eastern 
Slate.s Exposition. 

So, after a start with the foundation mares in 1923, and using nine 
different stallions, we now have Uvo good full sisters — ^Lcna and Lad 3 ’’ 
Lou— as brood marcs on the farm. Both are good-tj’pc marcs and have 
transmitted satisfactorily; so satisfactorilj' that at j)rc.sont all of our 
Rerchcrons, except LaBelle and I^nu, trace to Lena and Lnd 3 ’ Lou. 
LaBelle is a rather plnin-hodied marc but has high-qualit 3 ' underpinning. 
When she was mated to Konhopecar II, sho had Lana, and we are much 
pleased with licr in(Iividualit 3 '. 

Our 3 ’ounger mares, Konilla, KonLad 3 % Ix'n.'sop, Lousop, and Kon- 
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hysop’s Lady are all relatively untried as breeders, and wo have much to 

learn about their transmitting abdity Most of those 

We have bred and raised a lot of horses since 1923. Most o. x 
animals have been used on the farm and have done ^ 

acceptable manner. The stallions have been 

to their individual type and har e cost f'-om SLOOO to SI.™') " ^ 

181000 was used for 7 years (1925 to 1932) and sired ti^'^ 8 
offspring, Laura and Lady, a lot of good ones, and some poor one . 
was an imported horse that stood second to Hesitation, the gran 



a, - 


Fio 217 — lAfa>ette, the erand charapioQ Perchcron stallion, Eastern States E*po 
1933 Owned by Massachusetts State College. 


pion at the International in 1923. He ^\as grand champion at the 
Eastern States Exposition in 1925, 1920, 1927, and 1930. , 

Lafayette 204281, a son of Sir WiUiam 1G8112, he by Laet, was usea 
from 1932 until his death from coronary thrombosis in 1935. Ho 
grand champion at the Eastern States Exposition in 1933 and 1934. _ 
was an excellent individual but left no impression in our herd, leaving 
onlj' one daughter 'wluch was culled. 

Lalctto 298524 was purchased in 1935 and used until the purchas® 
1945 of Ivonhopccar II. Like Lafayette 204281, Laletto is a grandson 
of luoet 133886, and his dam is by Libretto, the sire of the two origina ) 
purchased mares. There is, therefore, just a slight trace of line bree mg 
to Libretto 121447 in the pedigrees of the daughters of Laletto at presen 
in the herd. laletto w’as third-prize aged stallion at Eastern States m 
193G and 1937 and senior champion in 1941. 
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Konchapet, Konhysop, and Koncamo, all sons of Koncarcalyps, bred 
by Madrey Parms, were used successively in our herd. We purcliased 
Konhopeoar II (by Koncarcalyps and out of Camona IV’s Hope) in 
1945 as a yearling. He is a full brother to the Lynnwood Farm’s horse, 
Koncarhope, that was grand champion at the National Percheron Show 
in 1947 . We showed IConhopecar II to the grand championship in 1949 
at Eastern States Exposition, where he defeated another good son of 
Koncarcalyps, Koncarno, and also a good son of Topper, owned by 



I'lO. 218. — Pcrchcron etnllion Lalotto. 


I'loyd Hill of North Woodstock, N.Y. Wo aro expecting a great deal 
from the get of Konhopecar II. Ilis yearlings and foals at present sliow 
cverj' indication of general improvement over our brood marra. 

As is indicated in Iho above discu.v.sion, Bomo of Iho female line.s arc 
better than others. A glance at Fig. 212 show.s that practically all the 
animaU represented trace to old Pentoila'a Favorite. Tbc job of breeding 
and improving lumsc.s is not an ea.‘»y one. Tlic Bloiy* hits l>eon told hero 
for the purpose of illustrating (he fart (lint rapid progre-sa in tbc hrt'e<ling 
of a HjK'cie.H of animals tlint reproduce at wich n alow nitc as dwa tbo 
borpe Ih liardly to be expected. 

Selecting the Fillies to Save. — Only after a brr‘f‘<ler baa made n clo‘.e 
^tudy of tlio mart\s in Iiih own band with Buitnble n'conlH and talailatlonx 
of thfir htrong and weak pointn is he hi a position to ulart on bis M-arcb 
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for a stalhon to mate rv.th them It « obvmua, of course, that the male 
should be selected both on the basis of holding the “ " ^ 
uhich the breeder already has and also, a^ more y’ “"J 

the weak points shown by the mares The mares at the 
Massachusetts have from the beginning been a little too light m 
and a little too shallow to suit us In addition there is a 
the hmd legs to be a little close together and not to set under the 
as much as they should In our search for our next stalhon, these pom 


ill receue major attention , , 

In selecting mares or fillies either from outside or in ones O'™ 
acceptable type tor the class of horse concerned should, of course, be 
first criterion regardless of the tact that mares do not always bree 
exactly as they look In other words, one has a greater expectancy o 
getting drafty offspring from draft mares than from Thoroughbreds, an 


Mce \ersa j 

In addition to acceptable type, one should try to select from g 
female lines in -v-hich as many as possible of the animals have bee 
of the desired type An obvious weak point in the XJnnersity of Massa 
chusotts horses, as discussed above, is the fact that Pcntoila’s 2 

had 4 mediocre daughters and 1 good one Lilly Lilly in turn ha 
mediocre daughters and 2 good ones Laura and Lady, and the latter, a 
somewhat poorer individual is evidently transmitting m a moro 
able fashion than her somewhat superior typed sister, Laura In ^ 
whole female line, there are c\idently both good and bad genes, t o 
former not being so numerous as one might wish It is verj importan , 
therefore, that both the direct ancestors (those occurring in the pc i 
gree) and the collateral relatives (half brothers and sisters, cousin^, 
aunts, uncles, etc ) receive some consideration Because, generallj , on y 
the most acceptable animals are saved and used for breeding purposes, 
the pedigree of the direct ancestors of an animal is bound to look pretty 
good and will tell us, in general, the liest that wo can expect The 
collateral relatives, on the other hand, which do not generally appear in 
the pedigree or, if included contain only tho desirable references wi 
tell us some of the bad things we may expect by selecting their family 
Ihe pedigree of the University of Massachusetts filly Leta can bo ma e 
to look very good as is shown in Fig 219 , 

Tho pedigree (Fig 219) with some of the bettor show winmngs listed, 
looks very good How about some of the collateral relatives? Pentoilas 
Favorite had 1 good daughter I illy and 4 not very good ones, 1 good son, 
2 or 3 av enigo ones, and 1 poor one I illy had 2 good daughters an 
2 in<“diocre ones, C sons ranging from good to poor Revelation hai 
<imtc a range of offspring making his total breeding v alue about av crflg<^ 
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Laura’s offspring on the whole (4 daughters and 1 son) have not been 
nearly so good as their dam in draft quality. Laletto has sired a range 
of offspring from very good to very poor. Leta, the filly pedigieed in 
Fig. 219, is a fairly good individual, but she is not so good as Fig. 219 
makes her appear, and, although she has some good genes, it would seem 
fiom a study of her collateral relatives that she probably also has a lot 
of poor ones and would probably not be a particularly successful breeding 


Laletto 
^2d prize OMo, Indiana 
1935, 3d prize East- 
ern States Exposi- 
tion 1936, 1937 


Leta 

1st prize foal j 
1937 


Laura 
I 1st Eastern States 1932 
I 2d Eastern States 1933 
\ 1st Eastern States 1934^ 
'lat Eastern States 1940 


I Revelation 
2d International 1932 
Grand champion East- 
ern States Exposi- 
tion 1925, 1920, 1927, 
1930 


LUly 

Jtsl prize Eastern States! 

1931 

I Isl and grand cham-, 
pion Eastern States' 

1932 

\ Ist mare and foal 102S-j 
1933, inclusive 


Colin 


Pentoila's Eavorito 
1st filly Ohio and 
Indiana 1920 
Junior and rcscr\'o 
champion Indiana 
1921 

1st marc. Eastern 
States Exposition 
1924 


Tia. 219. — GofMl-loolcinK pwlijtrce of Lota. 


or transmitting marc. Complete pedigrees in terms of record of per- 
formance of both direct and collnleral relatives can bo an important 
aid to selection based first of all on individuality. 

'riie real to.st of a brcctling nnimnl is, of course, its ability to tnin';mit 
its own desirable qualities. This Ls llie progeny te.st, uliich should be 
utilired ulicrever pos.siblc to do so. If tM* c.an find good individuals, 
uliose complete jKsligree-s uill iM'.nr llio light of careful scnitiny and uho 
have di'mon'tlr.vfcd their abiUly to their own goo<I <pjalitie^, \\e 

are on ]H’rfectly sound ground in making oursolectionx, although ue havt* 
Jet to learn liow this triply desirsible anlrnal uill *'niek" uith one of our 
o"n. Ohvjouply. it i^ not nlunys i)o*-‘lblr to get nil thw information. 
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in which case a breeder should get all the information available and then 
-cross his fingers” until he sees how things turn on . 

In the selection of brood mares, it nr essential that 
to their probable and actual ability to liear f from 
of vears Their probable ability m this regard can best be jutlgc 
their complete pedigrees (both direct and 'f “f tha‘ 

■words in the selection of marcs one should select onlj in fa 
h™; high natural rate of fertility. Like all 
genetic basis, this varies among different families m nl 
livestock. Demonstrated abilities by the direct and collaten 
is the best guarantee that a breeder can get for any new anim. g 

into his band of females. „j„rmance 

Actual ability to reproduce can be ascertained from the peid 
of older marcs as well as from current c.’caminations of their B 
tracts by competent veterinarians, and the latter typo of cxami 
can and should be used on young marcs. . , , 

Finally, m the selection of marcs or fillies that hard-to-desoribe qt > 
of femininity should receive considerable emphasis. The , 

for it is probably quality, as evidenced in fine texture of bone 1““°" . ’ 
of course, with different types of horses) and fineness of bklo and i > 

- together with indications of alertness and intelligence and a ce 
nobility of carriage and demeanor. The maro should be "^ell o 
throughout, with a roomy middle and ample width through the hips a 
croup, and must have a sound, well-developed udder. . 

Selecting the StalUon.— The safest plan in securing a 
obviously that of getting one that has already demonstrated his a 1 1 y 
as a sire in the type and performance of his get, in other words, a pro' c 
sire. Unfortunately not many good, proved stallions are availab e a 
any price. !Most breeders, therefore, will have to select and use young, 
unproved studs. 

These should be healthy, of the desired type and disposition from 
naturally fertile strain. Preferably tliey should be by a proved stalho^i 
the majority of whose offspring ■were d^irable and out of a daughter o 
a good proved stallion, said daughter having preferably demonstra 
her ability to transmit desirable qualities to her offspring. Admittc ) ? 
such animals are scarce, complete records of ancestors not genera . 
available, etc. Nevertheless we must make a start sometime in gettino 
such information, and it is unlikely to become available until prospecti' e 
buyers start asking for it. 

Just as indications of femininity are desired in the female, so do 
desire indications of masculinity in the stallion. Here we expect a Id ® 
more compactness and scale, a little heavier bone, a well-developc 
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forequarter and chest. We want spirit and masculinity in our stallions 
but of a sort that proper training has rendered obedient. 


Sire Indexes in Horses. — As yet few objective measurements of 
performance that might serve as a basis for an index have ji>een developed 
for the horse. H. H. Laughlin has evolved a mathematical yardstick 
for measuring racing capacity in the Thoroughbred through a study 
of the breeding and racing records of some 10,000 of these animals. He 
has measured quality of performance for a single race on a definite 
mathematical scale by developing correction factors for sex, age, weight 
carried, distance run, and speed, on the basis of actual performance of 
this breed under varying conditions and yielding standards that are the 
smoothed best” which the breed has accomplished up to the present 
time. By means of such standards the true racing capacity of any horse 
can be measured, and, if he runs a sufficient number of races under 
standard conditions, the one figure for racing capacity (derived from 
the several “quality*of-performance” figures for separate races) can be 
compared with a similar figure for any other horse, and the question as 
to which was the better racing horse can be definitely answered, although 
the two horses may have never raced against each other. 

When the racing capacities of a male and female together with their 
close, direct, and collateral relatives can bo ascertained, then it is possible 
to formulate a futurity index or hercditaiy-promisD level for their off- 
spring. Because racing capacity involves tho whole organism, it is 
yeasoned that miiltiplo genes are concerned, and therefore equal weight 
18 given to both the sire and dam in arriving at tlie futurity index of their 
offspring. In this system the breeding factor of tho sire is obtained by 
taking ono-third of the average racing-capacity figure of his sire and dam 
plus one-third of tho racing capacity of tho sire himself plus ono-tliird of 
the average racing capacity of the foals that he has already sired. The 
breeding factor of tho dam is arrived at by a similar procedure, and tho 


average of tho sire's and the dam’s figures is called the futurity index of 
their potential or actual offspring. This "prediction-index, wlicn it 
contains only a few ancestors, each doubtfully stressed, gives a low 
prediction-value; but when it compri‘-c.s a highly rojirc.'^cntativo group 
of close antecedent hlood-kin, eacli properly strcsscil, then tho prediction- 
'’able of the specific formula is liigli.”* 

It \\oukl, of coiirse, be pos.siI>lo to work out similar prediction values 
for any type of racing liorse, wliorc tho one criterion for selection is that 
of sp<'od, or for show horsc.s, \\hcro the criteria art' tj'pc, action, and 


* II. n., UncinK Crmneity in tlio TliofotiRljprrsI Hon*r, M. 

28210. aiO, 1031. ^ 
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'"Thinips, Brier, and Lambert have made some prelimina^ rtudira 
of tests designed to measure the speed and efficiency of light ■- 
The tests were designed to measure speed, both at the j „ 

carriage and at the trot under saddle, length of stade, and respiration 
and heart rate before and after e'cercise ' 

rrom the results it is evident that tests designed to measure 1“^ 

stnde, and respiration and heart rate are subject to rather Vj ,t 

applied to the same horse at diBerent times It is apparent, ’ ;,,e 

such tests are used tor the purpose of detecting differences hot'^““ 
tests must be repeated several times under carefully controUed conditions 
e\er, the degree of accuracy required will depend upon the magnitu e 
differences that it is desired to detect In most of the analyses e • 

the ^anab^Uty of the material used (i e , of the 14 horses) relative to the 
sources of error -eas high enough that the observed differences ^ _ 

were significant In a more uniform group of horses it would probably °® 
sary to impT 0 \e the accuracy of the test in order to differentiate with any a g 


of certainty between animals with respect to any gi\ en character 
It should be emphasized that the results presented m this bulletin d^l ? 


It snouia oe empnasizea tnai. uie re&uiws m - . 

with the degree to which results of each of the tests agree when obtained on 


e horses at different times Before these tests, or any 


other tests of perform- 


ance, should be applied generally, careful studies are needed to detennme 


the 


relationship of the tests to actual performance under practical workmg conditions 


Although the machine has replaced the horse as a source of 
power to a veiy considerable extent, there is unmistakable evidence 


interest m light horses for pleasure and sport is on the increa'ie 


better safety vabe for the effects of our high speed, machine civiliza 


tion can be imagined It is to be hoped that much of the former 


breed 


ing of draft horses m our farms can be gradually replaced with the bree 
ing of light horses This is a new field which has opened up in the pas 
few jears and one that seems to hold much in the way of possibihtj, 
cspeciallj for farmers located near the large centers of population 

In the draft horse, we also need objectiie tests for measuring workmS 
abilities These animals exist for the one purpose of doing useful w or 
As slated bj Phillips, Ivrantz, and Lambert,* 


» Pinixirs, II. W , IlRirn, G W , and I AsraEirr, V , A Study of Some Problems 


In% oh cd m Measuring Performance in the Horse, 1/.S Dept Agr Bur Anitn 
Mimcographeti Itpt 

*Pint.u!*s Tl Kravti, I B , and I ajiIbebt, V , The tccuracj of 
ments and Scores of Draft Horses, Amcr Soe of Anim Prod Proc , 193S, p 82 
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Objective measures of the characteristics ■which contribute to maximum ability 
to do work are badly needed. Such measures might include maximum pulling 
ability for a short period of time, stajdng power '\\ith a hea\'y load over long 
periods, •'^'alking speed wdtli a standard load over a given distance, and ability to 
maintain weight doing a given amount of woik witli a given allotment of feed, 
along with careful records of the occuncncc of soreness and unsoundnesses.* 
When such methods are developed and a sufficient number of records is obtained 
under standard, experimcntolly controlled conditions of training and testing, and 
the animals used have been scored and measured at comparable ages, it will be 
possible to arrive at some estimate of the value of any given measure or score. 

The dynamometer is available and has been used for many years to 
get the maximum pulling ability of horses for a short period. Records 
of these contests together with measurements of the animals competing 
have shown definite correlations between height and weight and ability 
to pull, but no other measurements have showm definite positive corre- 
lations. “Staying power with heavy loads over long periods” and 

■walking speed -uith a standard load over a given distance” might also 
be secured by moans of the dynamometer. 

So far as the writer knows, the dynamometer has not as yet been used 
m any constructive manner as an aid in the selective breeding of draft 
horses. The dynamometer contests* are a very interesting sporting 
event and generallydraw a much larger crowd than does the orthodox 
judging of horses on the basis of type. In fact, it has happened more 
than once that tho type judging has had to be temporarily suspended 
until the breeders and showmen of the purebreds have returned from 
watching the pulJing Jd other words people in ganwaJ are moro 

interested in seeing what a horse can do than they aie in admiring him for 
what he may look like. 

Type in Horses. — ^Horses have been selected on the basis of the typo 
best suited to perform given tasks for hundreds of years. This lias led 
gradually to the creation of distinct and separate types for racing, riding, 
driving, and pulling. Selecting the speediest horses gradually produced 
fhc racehorse type, selection for power gradually produced the draft- 
horso typo. The speed and saddle types aro now’ definitely established, 
nnd there seems to be little prospect that they will bo changed in any 
fundamental W’ay. The ta.sk of the future in these tj^pcs, then, is further 
refinement to add slightly to tlicir speed, sjTnmctrj', balance, action, 
and behavior; and hy means of keener selective tools based on rccoids of 
performance, measurements, and progeny tests to render them more 
homo2ygoijs for the respective qualities desired. 

‘See Phillips, n. W., Madsiiv, Ikl. A., and Smith, II. II., Dynamometer Tests of 
Hordes, Utah Agr. Expt. Sta. Ctr. 114, 1910. 
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The draft horse was created bj Eclection for the particular purpose of 
moving hear v loads at a fair speed For this " 

greatest weight possible m the smallest compass Tlic hear a dm 
was a lemarUbly efficient animal for the job ho was supposed t 
The railroads, trucks, and tractors haac made their appearance 5 
'the past too jears, howcicr, to challenge the hor=c in this ficl , 
largely because of their greater speed thev has e supplanted him so ll^a 
the market for the ton upw ard hor«e has shrunk almost to the i anis i 8 
point Draft-horse tjpc, in other words, is changing to a somewna 
smaller, more active model, with greater quality In particulars, 
tj'pe ■will remain -what it ah\a>a has been, a short, compact, ^'ell se 
and straighh-mo\ing type, but, m place of -weighing from a ton 
he will Aseigh from a ton downward He will be a medium sized ra 
horse, since the city market for the hca\j sort has disappeared, 6 
farmer ne\er did like the cxtremclj big ones, and in so man> instances 
now pow er machinerj has to do the ^ cr> lioa\'j w ork Tlic 
will stand 15^ to 10 2 hands the stallion weighing 1,900 to 2,100 lu . 


the mares 1,700 to 1,900 lb m good condition 
There are two wajs of creating such a horse, one b> mating Hrgc 
stallions to small mares (or small stallions to largo marcs) and the ot er 
by mating medium sized stallions to medium-sized marcs If the former 
method is used, and we put m the two extremes, we wiU gcnerallj ge 
the mean in the immediate offspring but tbc mixed inhentanco of 
ammals can be expected to come out m all sorts of combinations m their 
ofTspnng In other words we can expect to ha^e to do a lot of weeding 
out if such a plan for creating the medium tyjxj horse is used Becauw 
the average run of farm marcs tends to be on the small side, there w ou 
still seem to be a place for the good sized stallion of good quality 

The other plan of mating medium size to medium size should gi% e less 
extreme i anations and lead more quicklj toward the desired goal 

With the system either of matmg unlikes to produce a medium or ot 
mating intermediates m types it goes wxthout saymg that selection must 
be practiced and the offtype animals discarded Less of this wnll be 
necessary ivith the matings of animals that resemble each other clo«elj 
in general tvpe One should not deceive himself, hoviever, bj thinking 
that tw o animals which are similar m appearance are also similar m their 
genetic make-up ^lany different combinations of genes may gi'® the 
same general phenotj'pic appearance We must remember that m 
dealmg ivith commerciallj important characters of our animals, we are 
probablj dealing with hundreds or thousands of genes This is verj 
different from crossing a rough white guinea pig {RR hb) and a smooth, 
black one (rr BB) and getting rough, black offspring (Rr Bb) And ev en 
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in this simple case, dominance interferes witli our progress, because we 
cannot distinguish offhand between the folio-wing rough, black guinea 
pigs {RRBB), {RRBb), {Rr Bb)y {RrBB). Wo have no conception of 
the dominance, partial dominance, opistatic, and other probable interrela- 
tions involved in the thousands of genes in our larger animals. There 
are many combinations of coins tliat wU make a dollar, e.g., 10 pennies, 
4 nickels, 2 dimes, and 2 quarters, or 5 pennies, 3 nickels, 3 dimes, and 
1 half dollar, etc. Like-wise many combinations of genes may give the 
same phenotype. 

If animals arc to breed true, they must be made homozygous in the 
bulk of their genes. Mating animals which are alike phenotypically 
will have little effect in making them homozygous in their genes, and 
likeViise mating unlikes will have little effect in maldng them more 
heterozygous in their genes. In short, whatever system is adopted for 
attempting to create a tnae-breeding strain of intermediate-sized draft 
horse must involve both selection and some form of inbreeding in order 
to render the animals relatively homozygous or in the breeder's language 
to “fix the type,” 

This whole business of changing the type (weight) of our draft horses 
means many a headache for the judge in the show ring. It is going to 
take real courage to turn down a good big horse in favor of a good medium- 
sized one. The big one will excel in weight and draft power, the smaller 
one to offset this should be expected to excel in action and movability. 
Care must be exercised too that the desire for somewhat less weight than 
formerly does not express itself in either a chunk, easy keeping to be sure, 
but generally lacking in movability, or in an upstanding, light-boned, 
and light-middled animal which is apt to be a hard keeper, lacking in 
power and stamina, although probably excelling in freedom of action or 
movability. It is in just such situations as this one involving a change 
m type that the art of the breeder has its best opportunity of expression. 

If the art is backed up by or based upon a sound knowledge of the genetic 
principles involved, it will eventually evidence its inherent soundness. 

alone, however, is not enough (or it "works too slowly with too many 
mistakes); nor is a knowledge of principles in itself enough. For con- 
structive breeding at a tempo to suit the modem age both art and science 

are essential. 

Breeding Efficiency in Horses. — In order that the breeder may ha\e a 
riear picture of the breeding efficiency of his stallions and band of mares, 
(careful records should bo kept of the occurrence of heat periods in the 
laaros, number of bcrvdces required to settle eaeh marc, percenlnge of 
inures settled by each stallion, birth weight of foals, duiation of gestation. 
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A stutU ' of the brooding performance of 43 marcs at the linitcd States 
Mo^a Lrse Farm, M.ddloburj . ^ t , from 1028 to 1938 shons that 
132 mares concenetl, foaled, and their foals 

10 mares concei%ed, foaled, hut foals died before ^^canlIlg 
G mares concen cd but aborted 
73 mares failed to conceive 


221 total mares orca 

Summarizing, vie see that 221 breedings prtKluecd 132 foals whicl 
Ined— a breeding cfficicncj on the part of tlicM; mares of o9 < per 
m terms of liv able foals 

Morgan Horse Breeding by the TJ S Department of Agnculture 
United States Morgan Horse Farm was established at Middlehun, » 
in 1907, as a result of a gift from Col Jo<5cph Baltcll The farm at 
is composed of approximatcli 1,000 acres Tlio pnmarj object o i 
farm is to conduct research that will jaeld results of value to a lO 
breeders and users Since Moi^ans were alroad} on the farm, it vvas 
logical that the work be done with them Tlie u^e of Morgans w J^ci 
dental to the main objectiv o of conducting research that w ill jacld infor- 
mation of value to horsjmcn Pasture improvement, rc'^arch, o *er 
\ations on reproduction, devices for training and testing are studied an 
data collected and analj zed 

Performance testing v\as initiated m 1940 with thchor'cs in an attemp 
to learn more about the suitabibt> of the individual line, or sire group 
for pleasure purposes, nding or driving Objective measures — quality 
tue and quantitative — ^havc been made and some little data collecteo 
as results of the tests At Middleburj the horses are scored for con 
formation general appearance, feet and legs, and action at one 
two >ears and three years of age All hordes are measured for sue 
things as height at the withers, depth of chest heart girth, circumference 
of the fore cannon rear cannon etc TN eight records arc maintained 
from birth up to three j ears of age on all horses 

The actual performance tests arc designed to giv o a definite measure 
of speed for a mile at the normal walk and trot and the length of stride 
of these gaits, both under the saddle and m the harness Each hor«e 
cames 20 per cent of its body weight under the saddle and pulls GO per 
cent of its bodj weight in the harness These tests are made onaH'^ 
track 

Endurance is measured under the saddle on a cross-country nde of 
about 11 mi Approximately 50 per cent of this distance is covered 

‘Lambert, V\ V Steelman S R and Phillips R VV The Reproduc^i'® 
Ilistoo of the Stud at the United States Morgan Horse Farm from 192S-1938 
Soc Intm Prod Proc 1939 pp 3oS-365 
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at the trot, 10 per cent at tho canter, and 40 per cent at the "walk. In 
addition to the time record, each horeo is scored for ease of handling, 
response to commands, degree of fatigue, and ease of gaits by the rider. 
Recuperative power is measured in harness by a test on the track at 
the trot for 5 mi. This is done by stiid3dng data on respiration and 
heart rates as well as time elapsed in completing the distance. 

Results to date on the above tjTies of performance studies are an 
approach to the many problems involved. It is obvious that there is 
variation from j^ear to year and variation due to riders and trainers. 
Every attempt is being made to standardize these environmental 
influences as much as possible. Temperament or the “desire to go” 
undoubtedly has considerable effect on the performance of tho individual 
hoi-ses. It has been found that temperature and humidity also affect 
results greatly, particularly the endurance tests. Very many con- 
clusions cannot be made until some of these variable factors are controlled 
oven more than at present. 

These performance tests and correlative studies involving them and 
other measurements are a complex problem. The results over the next 
few years should be of value to all breeders of horses for saddle purposes. 

Summary. — ^We have seen in this chapter that in spite of drastic 
reductions in the numbers of horses in the United States during the 
past 30 years, due to tho inroads of various forms of mechanized power, 
the horse is still very much w'ith us as a source of power on the farm 
J^nd is filling an ever larger place in pleasure and sport. In the past, 
selection of horses has been based almost Avholly on individuality. 
Because inheritance in horses follows the one basic pattern found in 
all animate forms of life, we have now come to realize that sound selection 
must consider records of performance of direct and collateral relatives 
Jmd of the animal itself in addition to tho consideration of individuality. 
We are badly in need of practicable measures of performance in the 
horse. Only when these have been devised and put to work in tho 
securing of essential record.s, and the records used inlonigcntIj% together 
'\ith continued full considerations of individuaHty, will our selection in 
this class of livestock be on tt sound footing. WJjen tho above methods 
have revealed tho inheicntly better slmins of Ijorse.s, ve will face the 
further task of intelligent line- and closcbn'cding, so that wo nm^* crt*.ato 
fairly truo-brccding strains. 
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CnAPTKH XXIV 
RETROSPECT AND PROSPECT 

Wo ha\e noT\ completed our di'^cussion of tlio pnnciplos underljmg 
the creation of better livestock We tried to start at the beginning, n 
get some idea of the probable ongm of life on the planet Earth sometbing 
ov er 1 billion j cars ago W c concUide<l that something compara i e o 

the gene must hav e appeared fairlj early in this process These cnti les, 
capable of certain reactions among themscKes and vvath their imme la e 
env ironment, the cj topUsm of the cells, and endowed with the power o 
exactly reproducing "them^cUcs, seem to have been proved witiou 
reasonable doubt to bo the mechanism of inherit inco in all living forms 
today , 

From the point of v icw of logic, it seems probable that the genes ba^ 
alwajs performed this function In the earliest stages, there perhaps 
was formed vsavc after wave of the simplest sort of living material tha 
flourished for a short time and then quicklj faded out of existence as 
living things without leaving offspring At some stage, however, "O 
must suppose that bits of tins living material m some waj became 
endowed with the property of reproducing themselves, so that as the 
old died, the new was bom Once started and with the occasional pro- 
duction of Bomethmg a little difTerent from the parent form w e hav e the 
basis for an evolutionarj process At present, so far as we know, a 
new and somewhat difTerent living thing can anse onlj from other living 
things by means of the genes They are todaj the fundamental mecha 
nism of life, as evidenced through reproduction It seems likelj that 
they have alw ays fulfilled this role 

We hurriedly traced the process of evolution until it finally gave 
to the larger farm animals and to man himself We sketched the storj 
of man’s progenitore until modem man, Homo sapiens, appeared on the 
scene some 25 000 to 50 000 years ago Then w e saw man take one of 

his greatest forw ard strides some 8,000 to 12 000 > ears ago w hen he began 
to domesticate plants and ammals, which better ensured his food suppb 
We then sketched the progress that man has made through histone 
time m breeding selecting and perfecting his animals for specific pur 
poses, and finally we find ourselv es m the twentieth century with well 
nigh perfect individual ammals in all the classes of livestock, but with 
736 
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the average type and performance of our livestock ■well belo’w an efficient 
and profitable level. 

Our next task was that of learning some of the details of the workings 
of the intricate process of reproduction. In the lower forms of life, 
this process is relatively simple consisting merely of fission or division 
of the parent into two offspring. Next came budding, one^ or a few 
unspecialized cells having the poiver of creating a new individual. ^ In 
time, specialized cells were developed for the reproductive function. 
Eventually, they came to be specialized in different ways, the union of 
two differentially specialized cells being necessary for the creation of a 
new life. Originally, these different cells were produced by the same 
organism, but they finally came to be produced by different members of 
the species, which gave rise to the sexes. At first, these male and female 
sex cells were passed to the exterior, where fertilization and growth took 
place. As organisms grew in complexity, so did the generative apparatus, 
BO that in the higher forms of life we have, besides the glands producing 
the sex cells, a complicated mechanism of accessory glands and organs 
under the control of distantly located endocrine glands, with fertilization 
and embryonic development taking place internally, the latter proceeding 
for many months and resulting eventually in the birth of a completely 
organized, though somewhat helpless and dependent, individual. 

The researches during the past half century, and particularly during 
the last decade, have done much to explain the reproductive processes 
and the factors wffiich limit maximum reproduction. 

One of the most amazing technological advances in animal production 
ha.s been the development of techniques for, and the rapid acceptance 
by livestock producers of artificial insemination. The use of this method 
on a few thousand dairy cattle in the United States in 1938 had bran 
extended to nearly 3 million in 1940, and it appears that, in some intensive 
datrj' areas, artificial insemination may soon bo the predominant method 
of l)rccding. 

Uuring the lO-j’car interval that the artiHcial insemination program 
1ms Iwon developing in the XJnitixl Stato.s, tlio methods of processing and 
utilizing semen have boon greatly im|)rov<Hl. Earlier e.stimaf<*H that tlic 
^emt'ii of one bull could bo usc‘<l to ser\’ieo 1,000 eows annually have Ikk'H 
revised upward to 10,000 rows. Si'inen wn.M at first dilut/Kl 1;4 and 
tnuiqiorted within a radius of 20 to 30 mi. The regular dilution rate is 
now 1:100, and exiierimental work indieuteK fliat it may 1 k' e\ten(l('<I to 
It-iOO or even higher. S^'inen is now Isdng transporttsl Indwis'ii stales 
Ijy bus, mil, and air on a regularly selu*<l«Ied hasis, 

Much progti'Ks luw Imhui mad** in storing s|H»rm, but tbe inalnlennnr<' 
nf m.axinunn fi'rtilily in slorxal MUiieii |i*aves rniicb to tw ch'^insl. 
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yot few samples of bull semen give satisfactory 
lor rnore than 3 or 4 days and other farm 

that snerm moiiliiy, but not/eriihly, can be maintained for many 
" Trosen semen, that sperm retain their -tilm^ jp city 
up to 5 months in the female reproductive tract of the bat, a 



tho queen bcc can produce fertile eg^ for 3 to 4 or e\ en up to / 5 
indicates to the physiologist that there are broad horizons ahead 
The endocrine regulation of the testis is fairly 11611 understood, 
it is as yet impossible to completely regulate fertility in the male ' 
artificial means Too many sires are deficient in rcproductiie capaci y^ 
■Wliethor their limitations are genetic, physiological, pathologies 
cnnronmental remains to bo learned One of the important questions 
licforc attempting to restore fertility m males is whether or not ' 
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cause is heritable. We cannot stress too much that breeding animals 
must first of all be of high fertility. 

In the female the widespread use of the principles of breeding manage- 
ment now at hand would increase the breeding efficiency of most herds 
and flocks. Unfortunately, 100 per cent efficiency is seldom achieved 
at present. One of the most puzzling problems is the failure of “appar- 
ently normal” animals to conceive. 



As new information and techniques become nvnilnldo, the diagnosis 
of reproductive disturbances becomes more exact. Difficulties which 
Were previously unrecognizable are now becoming knovn, and it is lioped 
that methods of correction will follow. 

The recovery and transfer of fertilizHl ova from one ra!)bit to another 
has \Kcn repeatedly accomplished for iie.arly three-tiuarlem of a ernlur>-. 
Much interest in the possibilities of utilizing this technique in cattle is 
Iwing shown. It i-s well known tliat tlie ovaries of cattle, shts'jt, and 
other spi'eles can l>c caused to pnxhice ova in grt'ally incrc‘ji>e<l nuiniK'rH. 
It is likewiw* known that many of thcM> ovu do not develop normally. 

As dcMTilMKl in prcviotis cljnphTS great numlx'rs of fertiliretl ovji may 
1*0 pitxhiccd bv appropriate endocrine tn'.atm«*nt, and in a few Instances 
fertilir<Ml eggs hav** lx*’'” ^^wce^’•^u^y transfi-ntHl from one slux'p to 
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another These techniques are far from the 
but much optimism especially m the popular press, 

Artificial parthenogenesis has already been achieved 

the rabbit Whether or not a scientific procedure for acOTmph 

in the larger animals mil ever be achieved remains to be seen 
a boon it V ould be, for instance, in cattle if a particular!) go 
bo made to reproduce parthcnogenetically, provided, of 
herself ivas relatively homozygous for the desirable genes, bee™ 



Tio 2‘’2 — ^The Guernsey bul5 Foremost Pred ct on bred by Emmadine of 

Juncton NY owned by McDonald Farms Cortland NY (PAoto{fropA ' 

SlTohmeyer and Carpenler ) 


presumably ^ould still lia\c the sampling feature of inheritance 
reduction took place m the formation of the mature egg 

The rapid de\ elopment of endocnnologj has done much to explain 
basic principles of groitth, reproduction, lactation, egg production 
many other economic characters The relationships of the genes a 
hormones arc only beginning to be understood In any complex cn 
acter such as milk production, it seems logical that nearly every organ 
s\6tem contributes cither directly or mdircctlj to the process In some 
cases, for example, the thjroid gland maj hmit maximum min' 
duction In this case the administration of the thjTOid hormone 
ha^ e a stimulatory cfTect In the same v, ay gro^\ th might bo 
the antenor pituitary, thyTOid, or gonads If it verc knonm that 
tlDTOxine secretion of a young animal was suboptimum the admim*? 
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tion of this hormone might have a stimulatory effect on growth. With 
an increase in knowledge it may eventually be possible to correct such 
deficiencies or limiting factors. The cause of such difficulties should 
not be overlooked. If the deficiency has an environmental cause, much 
may be gained by its correction. If the deficiency is primarily genetic, 
there is considerable question as to whether such lines should be propa- 
gated. It is evident that in man numerous characters that would be 
lethal or semilethal under natural conditions are constantly being repro- 
duced. The livestock breeder can practice much more rigid selection 
than man seems inclined to accept for himself. Deviation from such 
standards should be given careful thought. 

Tremendous strides have been made during the last 50 years in unrav- 
eling the heretofore puzzling and seemingly mysterious ways of hereditary 
transmission. Although the exact nature of genes is still unknovm, 
experimental inquiry has yielded a wealth of information as to the varied 
nature of their reactions in determining the presence of specific characters. 
For reasons of expediency and cost, most of these discoveries have 
occurred in small, rapidly breeding species. Enough work has been 
done with the larger animals, however, to reveal the very groat proba- 
hility that the genes behave in these animals in approximately the same 
manner as has been so abundantly proved to be the case in the smaller 
species. It is true that wo do not have for any farm mammal oven a 
beginning of a chromosome map, but this may bo no great loss or depriva- 
tion, for, as far as the writer knows, the chromosome map of Zca mays 
has not solved any utilitarian purpose in the recent remarkable progress 
in corn breeding. 

Work on the cliemistrj’ of the gene and the biocliomical effects of gene 
action should provide the animal breeder of the future with powerful 
working instruments. The fact that in some of the lower forms vitamin 
and amino-acid sjTitlicsis are so closely controlled by specific gcne.s may 
eventually contribute to the identification of such genes and their 
functions in higher organisms. 

*lhe elcar-cut demonstration of the influence of X rays and otlior 
^'adiations on mutations in lower forms and tlio effects of chemicals, such 
as mustard gas and colchicine, arc shedding new light on the causes 
of variations. It is not impossible that when the gene, the virus, the 
enzyme, the hormone, and (ho vitamiii~“to mention a feu— arc nnder- 
^food, and the information infegnited, that evolution may be siM-eded 
op or molded more to man’s piirpo'^. In tlie past wo have had to lx- 
'■anient with what natim* prf)vhle<I in the way of mutations. Perhaps 
‘fie time is coming wlieii we can induce l>eneficial mutations by artificial 
nieans and thus simsmI up the pr*»rec,s of animal imiirovement. 
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' In nnde.standln. of the haste 









Tio 223 — Belgian stallion Jav Farceur, grand champion International H- ^ 

tion 193S. 1939 and 1040 Bred by J W Hillman, Grand Junction, Iowa, owneo 


of the new individual depend entirely on the genetic make-up of 


egg and sperm, regardless of the phase of the moon, direction * 


wind, etc , when fertilization takes place; that proper feeding an ^ 
of the pregnant female and the offspring after birth are necessarj 
bring its inherent capabilities to full fruition; that the sorts of ^ . 
cells which any animal can produce are determined by the gon 
materials supplied it by its parents; that any animal passes on a sa 
half of its own inheritance, one member of each pair of chromos 
to each of its offspring; that age of itself has no influence on these c 
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combinations of hereditary units, z.c., other things being equal, an animal 
will transmit similarly at one, two, ten, or twenty years of age. 

And on the negative side we know that blood does not function in 
inheritance; that the kind of blood an animal has depends on the genetic 
content of the egg and sperm which gave rise to it, not vice versa; that 
acqun-ed characters, telegony, maternal impressions, saturation, and 
other beliefs of a superstitious age can be consigned to the limbo of the 
never-was. In inheritance, genes and chromosomes are everything, all 
else nothing. 

It is obvious, therefore, that we udll have better livestock only when 
We have succeeded in so mating our animals that they automatically 
produce better germ cells, better in terms of containing the genes and 
gene combinations making for more desirable qualities. Each planned 
inating which a purebred breeder makes actually covers two generations 
in the sense that it is designed not only to produce a good immediate off- 
spring but one which will in tmm be able to beget better offspring. 

There are two major tasks awaiting the livestock industry as a whole. 
Inc first is the matter of analysis, or the finding out what W'e havo 
genetically in our animals as they exist at present. Wliat our livestock 
Will bo like 10 or 100 years from now depends on two things: (1) what 
senes are present in animals now living and (2) our ability to discover 
tie good genes or induce better ones through artificial mutations and to 
increase their number at the expense of poorer genes. 

>» 0 have made remarkable progress in animal breeding in the United 
tate.s since the days of the early settlers. Tough, \riry, streamlined 
^nttlo Iiavo been largely replaced by blocky, low-sot, liigh-quality bull- 
ncKB, our sheep have throe or four times as much wool spread over a 
^ncli more desirable carcass; our hogs are more prolific, more efficient, 
|^n( speedier converters of grass and corn; our horse.s are heavier and 
jcder fitted in evco' way to relieve the physical burdens of food pro- 
*uction; and our dairj" cattle produce a greater quantitj' of a higher 
quality product than they did in Pilgrim daj’s, in Civil War dnj's, or oven 
*n ic First and Second World War days. Our method.s may have been 
^nmewhat of a patchwork of gueas, intuition, hocus-pocus, and ball 3 'hoo, 

^'1 ''but We had wo usctl in typical, energetic American fiLshion. Xever- 
ieic.s.s, -Wo owe n tremendous debt of gratitude to former generations 
>rce<U‘rs for the legacy of genes which through tlieir efforts an* now 
In the march of progre.*^, our hrecfl associations have had n 

li**' nifttrriftl in thr next fpw pngp*« nppo.iml originMIy n-** nn artirln liy tin* 
ijf Our Hrrctl ami txnn pnblUliMi in th<' Mnrrii, ICSa, 

It i^ reprinted here by pormis«5on of tlio Mcredllli 
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pro^nont part That they have tended to be a b.t eonservatne . 

’’'^“^odrLtoT.sa.ronpot unhanded to,e^^^^^ 

,nB, protection, and promotion of their particnlnr br^d Most ol 
associations rvere organized after the year 1875 making 
76 years old at the present time That they have nccomp 
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Fio 224 — Morgan stallion Mansfield Owned by U S Morgan Horse Farm A • 


1 iko all things human, however, they have had and still have their a 
mgs After 75 years of effort, and because they are recording socie i t 
thoj should, it 4\ould seem, have records to uhich a breeder 
for fairly accurate guidance in his job of breeding better Ii\ estock * 
should now , m other words be a real help to breeders because they ^ ® ^ 
organized for that purpose alone and long enough ago for results to a 
been achieved . 

The greatest “lack” in breed associations today is the lack of reco 
of performance A pedigree that consists merely of names of ances o^^ 
without production performaneo of the ancestors and collaterals is ^ 
httle \ aluo If, however, the pedigree could be made complete in term 
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of records or characteristics, it ■would be an invaluable guide in the 
selective mating of animals. For ®^ample, if you have brovTi eyes and 
your parents, grandparents, great-grandparents, brothers, sisters, cousins, 
aunts, and uncles all had brown eyes, then we would be reasonably safe 
in assuming that you would transmit only brown eyes to your children. 
In livestock, substitute for brown eyes such characteristics as hams, 
wool characters, loins, rounds, size of litters, efficiency of feed conversion 
or fattening, etc. Before we can hope for rapid progress in livestock 
breeding, a way must be found to get records of such performance 
characteristics on our breeding animals. 

The U.S. Department of Agriculture, in cooperation with state colleges 
of agriculture, inaugurated surveys in 193G seeking to discover superior 
breeding animals backed by adequate records. In beef and dual-purpose 
cattle, the 48 state colleges and experiment stations were able to furnish 
practically no data that might be useful in locating superior breeding 
stock. They were asked also to submit the names of breeders who 
n^ight have such superior stock, and for the wholo of the United States 
11 stations furnished the names of 64 men — who were not surveyed 
because of the small likeliliood of getting any data of real value. It 
'vas the same story in swdno, although several stations wore carrying on 
research projects dealing with the inheritance of characters of outstand- 
ing economic importance. ‘^Because of the lack of results from the 
fiun'oy of exporiment-station herds, contacts w'ith owners of private herds 
‘n'Oro postponed.’' 

It was the same general story all over again nath sheep and horses, 
no records aiiyv'hero to prove brccrling wortli. In dairj’’ cattle, more 
tangible results were secured from the state colleges and experiment 
s-tations, and the survey extended to dairy-cattle breeders. In all, 1,097 
herds were listed, and 708 licrds in 40 slates were included in the final 
A total of 4,309 sires in seven breeds were found whose 
daughters’ production could he compared with that of their dams. Tlicso 
'Hills Were bred to about 30,000 cow.s whase production averaged 452 Ib. 
nf huttorfat— the resulting daughters averaged 451 lb. of l)ufterfat. 
Tlicpo, remombor, are the selected Iwst henls in the country. One farm, 
nfter using more than 12 bull.s over a 35-yoar i>eriod, ended with npproxi- 
niately the same production it .starter! with. 

I’he first stage of our animal Inisbandrj' in America was the introductmn 
!'!'d mating of cattle, sheep, swine, am! Iioix'h by the e.arly M-ttlerv. 
Ifiere were no breeds in thovo early days, just animals. of our 

ouMsIs anw. in ICnglatul, Furop<‘, ami America largt4y during the nine- 
l^mh conturj- ami largelv. l>o it noto<l. through inbrt'eding to mten‘iify 
'H'^mihlc ebarjiclorislics and lalwls (Idack for Angus, black ami ^^lufe for 
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Holstein^, rod for Durocs, etc.). Along rvith this came the 
breed associations to record pedigrees, to protect the pun J 
promote the use of various breeds. Standards of perfection wo 
and the breeds gradually approached the standard by the P, 

of weeding out those animals rrhich tailed to approximate 
standards. It was early realized that some animals which ., 

selves good representatives of the breed lacked the ability o r 
their own desirable qualities. By and large, however, the 
were better individuals and better transmitters than grades or scrau ^ 
This led to the second stage in American animal husbandry, tno 
of purebred sires for grading up native or -grade herds. The ema 


r 









Tio 225 — Grand champion steer, a Hereford, at the 1940 International Livestwh p 
tion, sliown by Pecos County 411 Club. 1 1 Stockton, Tea (PAofoproph CourietU J 


Abfrnathii Lxvesloek Photo Companj/ ) 
for ptirebreds and the lack of rigid criteria for measuring breeding worth 
led to the use of many poor purebreds as breeders — to the detnm 
of animal husbandrj’^ in general and the breed in particular. The wo 
feature of a poor sire from either the breed’s or the individual breede 


standpoint is the fact that, if he is used, the harm does not stop 
him but breeds on for many generations. The contribution of purebr 
sires on the whole to our American animal husbandry, though, is . 

calculation. Although some bad sires have been used, the total e 
in better loins, rounds, hams, legs, racks, wool, milk, and power is bo 
enormous and well recognized. The breed associations ha\e been gf^® 
promoters, and they have performed their function in this second stage 
of animal development svith marked success. 

rhe third stage, that of getting more complete and accurate production 
records so that animals may be proved for breeding value, lies in 


rith 
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future, and time alone can tell how well the breed associations will 
respond to this responsibility. Up to the present they have done very 
little. They have worked hard to preseiwe the purity of their* respective 
breeds through recording genealogies and also to promote their breeds. 
True, the daily breeds have had their AR work for nearly 50 years. 
Although it represented a considerable advance over the old, recordless 
-days, its value should bo apparent after this lapse of time, so that we 
could now •write to a dairy-breed secretary and find out just where we 
could buy a bull that, when mated to a herd of cows of some known 
production level, would leave a group of daughters of some certain higher 
production. This, however, is not yet possible. This does not imply 
that the secretary would be acting as sales agent for some particular 
breeder or group of breeders, but rather that the breed had secured facts 
regarding the transmitting abilities of animals in their respective breeds 
Ji-ud had published the facts for breeders and buyers to use as they saw 
fit. And before we criticize the breed secretary, we should call to mind 
the fact that he is simply a person hired to carry out the desires of the 
breeders as expressed through the breed’s executive committee or board 
of directors. 

The value of AR work, from a breed-improvement standpoint, has 
been negligible or worse. Thousands of excellent records have been 
inado and many animals have been sold at long prices because of them, 
ut we know now that an individual's performance and its progeny may 
jw very dissimilar. AR testing is like going into some city, finding the 
ivo prettiest girls in the toT,\’n, and then inducing eligible young bachelors 
0 believe that all the girls in said city are beautiful, and implying proba- 
* ^ they are also good cooks. No, selective testing is not worth 
G money it costs because it gives a distorted picture of tlie facts. The 
poort'^t bull that ever lived would probably Iiavo sired a few good daugh- 
really good cows. 

bo herd tost is a lot more satisfactorj’’ (records on all animals in a herd 
.car after year), and such testing is now available in all the duirj' breed.s. 

3 use should be pushed much harder than is general^’ Ixung done, and 
^ ho same time selective testing should be discoumgctl. Tlien, after 
. ^‘ortls are secured, they should bo made readily available to breviers 
^ form that they can ii.so in selecting breeding stock. Tlie Ixist way 
On tijf, of a compari.son of the daughters' record.^ with tliohc of 
>cir (hims. Some of the breeds arc now doing this. 

. «y«tom of recording D.H.I.A. reconl.s and gt'tting valuable dat.a 
'yc > into tlie Imuds of the breeder has Ik'^ui set up by the Jlumaii^ of 
*“0 Industrj*, in cooperation with Mate college*.**. If a l»ull 1 “ In’ing 
^ uj a D.n.T.A. hertl, we ran write to our state evti'n*>ion d.nirj* 
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spccaUsl and get the breed, ng facts about tbe bull 
L daugbters n.th iccords from drms «.th records, as tl.eso facts 


'’“^^“.rprcL'ent staudpomt the da.O W --— 
tould noil afford to discourage, and shortly guo up | , t 

testing (as some alrcadj l.acc), and try to induce tlicir >>r«<lcrs t 
„i, pens even vear All the bulls could then be proved while the} 


arc still joung and vigorous f resnonsl 

The breed associations are now becoming cognizant of their re P 


associauoiis ure Iiu« „rtrflin£r 

bility to proMflc their members with wn^'clectcd fnctual ^ 


bility to proMOC incir memuure — b-s 

the animals in their respective breeds Plans aro «„^^^hlch 


man> breeds to provide breeders with unsclectcd 


man> breeas to proviue urix-uc.t. o^e plans 

tonstmetu c breeding and selection programs can be founded i n 1 

in the various breeds var> and are being refined as new needs ar 
cated Since the plans arc in a state of flux (and perhaps alw a> s s 
be), wo do not pnnt them herewith but anyone interested can sec ^ 
them by wTiting to the breed secretaries as listed m -- 

The greatest good can accrue from the breeds securing and 
records of performance of sires, since the senes of sires a brooder 
makes or breaks his herd If the breeds will do this, fewer mista cs 
need to be made by breeders m selecting sires If, m addition, broc 
will study and chart their ovvn female lines selecting always from 
best and letting the poorer lines die out, great impetus will bo given 


the creation of finer hv estoek 

Our greatest need is records to prove breeding w orth— records as 
speed and economy of gams quality of product, reproductive efficient » 
amount and character of wool longevity resistance to disease, P^, 
and staying power soundness etc The job is for each class of stoc 
set up its ovvn standards and to find practical, economical metho 

The purebrea 

It IS » 


measuring its animal population against the standards 
breeders through their associations, should take the lead 
challenge that it w ould seem they cannot ignore 

The other major task awaiting the livestock industry, after that o 
getting records of performance, is that of fitting together these known 
ingredients in our animals into strand of animals which will surpass id 
performance anything that we have known in the past This is the tru® 
art of breeding In essence it is merely appljung the known pnncip e 
of reproductive phjsiology and genetics through systems of breeding nn 
selection m order to attain quickly and surely some preconceiv ed idc 
Selection might be thought of as the anvil and sj stems of breeding ds 


* The American Dairy Cattle Club Oiased on production rather than on pureness 
pedigree) secretarj 13 Leland W lAmb 213 East Seneca St Ithaca N 
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the hammer. Animals aie tested in the file of record keeping fiom which 
the best emerges in a somewliat purified state Taking this tested 
material, the bleeder with liis hammer of bleeding system shapes it 
according to his ^\ ill against the anvil of selection. 

The regional animal-breeding laboratories are cari-jong on extensive 
research in inbreeding and outbi ceding Lines are being made relatively 
homozygous through inbieeding \\hich letain desirable qualities that 
can be perpetuated in true bleeding stiains Ciosses between lines are 
sometimes yielding highly desiiablc results, and many new stiains have 
been and will continue to be made by outbreeding folloned by varying 



Exnosit^ Grand champion wether, a Southdown, at the 1949 International Livestock 
^ University of Kentucky (Photograph Courteay of J F Ahcmatky 

^ Fnolo Company ) 

^cgiees of inbreeding. Now that the problems of systems of breeding 
ia\o been ^ittacked on a logical and comprehensive basis, v,o can con- 
^^tly look foi^\aid to more lapid animal improvement 
ho first pioblom -nhich must be solved we can properly call anali/sts 
is that of recording essential data about the performance of 
q, and its success depends iaigely on our abilitj' to separate 

tl'^ environmental difTcrcnccs fiom those caused by mhentance, for only 
nlo capable of licing incorporated into the material paKsed 

(alUl* parent to offsiinng Tins second problem \\c tan therefore 
ti\ \ T ^Vnthesn, the building up of strains of animals that are ndn- 
• i ^^aiorygous for the qualities mIiicIi make any gi\en class of Ine- 
and profitable 

° present, mo have tried to prattire this sort of syntlieris on 
information that mo could get by studying individimlily and i>edigrees 
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cons.stmg moreb of names ...h .“I “tmmo 

records to try to make pedipcos look ns ^ ^ „[ course, 

care bcmg cscrcKcd to keep out nnj '“''''7''“^“ ^ “ rr ho told the 

human to try to put our best foot f""'"?’ “f at least, bo 

uhole truth about lus an.mals uould ' '7°;^ Jrs uho ucre 

at a great disadvantage compared mth his fc 
telling only cnticmg half-truths Our selection has been based, 
words, on phenot>T>c and madc-to-scll pedigrees 

The means of putting a firmer foundation ;roceed7 

livestock breeding industry are non at hand Hon f ac 

1 Study individuality nath even greater care and diligence 

have m the past , . „„ oiir 

2 Get and print rcle%ant breeding and test 

breeding animals In other words, applj the i pedigrees 

so that individuality can bo more scientifically appraised an P 
nritten nhich mil aid rather than hinder a breeder m 

estimate of a young animal’s probable performance and t 

3 By systems of breeding render the more desirable strains homos} 
gous by inbreeding or create new strains b} outbreeding ncioles 

The past 30 or 40 years have furnished the basic sciontifio prin 
in terms of reproductive physiology, hereditary transmission, an 
control of genital diseases for a sound art of animal breeding ^an- 

live efforts among breeders arc providing the practical working org 
izations for putting these scientific discoveries into effect 

Many agencies are now cooperating in livestock-improv smen ^ 
deavor The Bureau of Animal Industry “Better Sires Better ' 
campaign has been instrumental m ndding several whole coun 
grade and scrub sires In many states the extension serv ice w or 
through the county agents is carrying on detailed programs of gra 
selection, and culling in all types of livestock, and m some 
college or umversity is loaning sires to cooperating groups of pr^ 

These projects involve the secunng and intelligent appraisal of 
transmitting performances, and many of them involve county an 
tnct shows with special attention given to “ get-of-sire ' classes 
some states county livestock improv ement associations have been lO ' 

and in addition to livestock improvement through the testing o sir^ 
and the greater use of proved sires grading and management demons 
tions, and competitive diowing, such things as “livestock protec i 
associations’ and “cooperative grazing associations are developi^^ 
Such cooperative efforts of producers are in manj instances being ai 
by banks, stockyard companies, railroads, civic clubs, etc 
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„ent of Uvctoek can bo .solved only by pros -S homozygous 

vnablo and desirable inbred etraina to be “‘‘J'^^^l^o^ygosity." 

“purelines” or in crosses among themscbcs, { 703 indcaed 

The graph shown an Fig. 113 .nd.^tcs the d>^tnbut.on of^ 
Holstein-Friesian bulls. A lot of these bulls are p ^ llolsteins 

average, and a few are e-vccptionally good. In other u °™. ■ ^ , „f 

ne are generaUy breeding average bulls to X^n,. 

course, the only logical expectation 15 that lie uill b 
There is no reason to suspect, if »c had the brecdil^ 
in use in all the other classes and breeds of livestoek, that 
any different sort of picture. , features 

Since our animal populations in their commercially 
probably timubte a normal cur\'c geneticaUy. the ^ our 

industri- is to devise proeedurcs that mil reveal the fa 
animals so that those with the better gene complexes may M 
breeding operations and the poorer ones discarded, brnce 
ol culling that can be practiced with females is decidedly ^ 

could not overnight dispose of 50 per cent of our dairy cows, 
that might be from a genetic standpoint, provided iie knew x\ 
to discard), the problem must be solved largely in terms of in 
procedure both for the industry as a whole and for the indiv i ua 
is obvious. It consists of testing out and proving by mcaM o 
of performance of their offspring many times the number o „gjjetic 
being proved. Only in this way can the best males from ag 
standpoint be discovered. ^Vben they have thus been discove 
they and their proved good sons should be used extensively, -^tion- 
bly means the -wider adoption of tbe technique of artificial msemi 
The other major problem is that of carrying on intensive in 
experiments on a large enough scale so that they may have a lair 
of being successful. This the individual breeder is generally not g 

to do. The regional animal-breeding laboratories sponsored by' ® 
Department of Agriculture and the individual states are now' ^ ^ 

on this problem. If enough strains can be started in closebrecoiD 
few of them can probably, be carried through until they emerge after 
generations as relatively pure strains. Experimental cros»mg o kap^ 
strains with the purpo;>e of bolstering the w e^ points of each can 
lead eventually to relatively pure breeding lines in animals, ^rc 

a degree comparable with those already created in plants. Tner 
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many difficulties involved in such a program, but they would not at this 
time seem to be insurmountable. If such “pure lines" can be created 
and sires made available- to breeders to be used in artificial-breeding 
associations, or in bull, boar, ram, or stud associations, and if the 
individual breeder will keep such records as will enable him to select 
intelligently in his best female lines, animal breeding wiU begin to 
approach a scientific level. As pointed out by Dr. Hugh C. McPhee, 
what we seek in our breeding animals is merit. Genetically, tliis can 
e achieved either through homozygosity or perhaps, as in the case of 
corn breeding, through controlled heterozygosity. 

Within the past 20 years a concerted, scientific attack on the problems 
involved in improving our livestock through breeding has been launched 
y the Bureau of Animal Industry, and the Bureau of Dairy Industry of 
, I^cpartment of Agriculture. We are indebted to Dr. Hugh C. 

i 1 ? assistant chief of the Bureau of Animal Industry, for the 
lollowing discussion of its work: 


Regional Swine Breedino Laboratort 
Swine Breeding Laboratory is one of several laboratories estab- 
of fh with state agricultural experiment stations under authority 

eat Kr , ^^^^‘^'Jones Act of 1935. Each of tliese regional laboratories was 
the^^d' ^ke Secretary of Agriculture of the United States at the lequest of 

sent agricultural experiment stations in the legion repie- 

hcIt^S* region covered by the swine breeding laboratory is that of 13 Corn 

bvtl r ^ setting forth tlie objectives and proceduies was appioved 

directors of these experiment stations and officials of the U.S. Department 
recommended to the Secretary of Agriculture. The Secretary 
‘^stiihlishment of the laboratory in 1937 witli headquarters at 
assigned it to the Bureau of Animal Industiy for administration, 
to plan provides for an annual meeting of the teclinical representatives 

rinulate and recommend the program of research to be pursued. 

primary objectives of the laboratory are (1) to discover, 
ducci^^ procedures of breeding and selection which may aid hog pro- 

Prccis ^^^P^^^ving hogs in respect to performance and caicass, (2) to investigate 
^ ^ko use of inbred lines for improving the breeding value of pure breeds 
pork production, (3) to enlarge knowledge concennng the genetic 
and de** **'krocduig and inheritance of characters in swine, and (*1) to evahiato 
®^‘^k knowledge in bv\inc breeding. 

pioiecT '*^kQ general procedures for the rebe.irch undertaken in the variou'i 

'l^iVelo * present time relate to devising and testing jncthod.s of .^election, 
using inbied lines in various tyi>c3 of crossc**, determining tlie 
lilies **1*'^'*^ uf inbreeding swine, evaluating the carcass de-^irahility of various 
^etermimng the heritability of perforuunco cliamctenj, and 
iQ physiological aspects of the breeding performance of hows and boars. 
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many difficulties involved in such a program, but they would not at this 
time seem to be insurmountable. If such “pure lines” can be created 
and sires made available to breeders to be used in artificial-breeding 
associations, or in bull, boar, ram, or stud associations, and if the 
individual breeder will keep sucli records as will enable him to select 
intelligently in his best female lines, animal breeding will begin to 
approach a scientific level. As pointed out by Dr. Hugh C. MePhee, 
what we seek in our breeding animals is merit. Genetically, this can 
e achieved either tlirough homozygosity or perhaps, as in the case of 
com breeding, through controlled heterozygosity. 

^ AVithin the past 20 years a concerted, scientific attack on the problems 
involved in improving our livestock through breeding has been launched 
ythe Bureau of Animal Industiy, and the Bureau of Dairy Industry of 
of Agriculture. We are indebted to Dr. Hugh C. 
c hee, assistant chief of the Bureau of Animal Industry, for the 
olloving discussion of its work: 


Regional Swine Breeding Ladoratort 
ij ^^®_^^6Sional Swine Breeding Laboratory is one of several laboratories estnb- 
. ^cooperation with state agncultural e.vperiment stations under authority 
Gst w* ^^^^^^'^‘Jones Act of 1935. Each of these regional laboratories was 
the^d' Secretary of Agriculture of the United States at the request of 

Bent state agricultural experiment stations in the region repre- 

helt\t ^ogion covered by the swine breeding laboratory is that of 13 Corn 

bv tVi ^ setting fortli the objectives and procedures was approved 

of A these experiment stations and officials of the U.S. Department 

recommended to the Secretary of Agriculture. The Secretary 
°i^ 2 ed the establishment of the laboratory in 1937 with headquarters at 
assigned it to the Bureau of Animal Industry for administration, 
to 1 provides for an annual meeting of the technical representatives 

^nd recommend the program of research to be pursued, 
dcvel^^ primary objectives of the laboratorj’ are (1) to discover, 

ffuce piocedures of breeding and selection which may aid hog pro- 

proci*^]*^ hogs in respect to performance and carcass, (2) to investigate 

^ad fo ^ inbred lines for improving the breeding value of pure breeds 

effepts*^ production, (3) to enlarge knowledge concerning the genetic 

andde^ '**^**^*^^^^”*^ inheritance of characters in .swine, and (4) to evaluate 
application of such knowledge in s^vine brectling. 
proje The general procedures for the research undertaken in the various 

^’ivclo present lime relate to <le\'ising and tc.sting methods of selection, 

using inbred lines in various t 3 ’pcs of cro'yses, determining the 
lilies inbreeding Mvinc, c>'a1uatmg the carca*^ desinibilitj' of "NTirious 

determining the licritability of perfornumeo chanictors, and 
*e plysiological aspects of the breeding performance of and lx»ar?». 
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Tlirec systems ot l.recdmR hncs to permit convergms 
1 InlirceiliiiK tor ttic purpose of ^hblisl.mB ‘ boars on non- 

m single and double crosses inlhm Imcs and topera u b 
mbred sons T)irco mtensit.es ncre used tour s.re, tuo-s.re, 

"'f Selection based entirely on rate ot groulh ... a benl closed to outside blood 

miihiclitlio inbreeding IS kept at a negligibly ^ eabse- 

3 Selection m a herd started from ''""’■"K ,2 sad 

quently closed to outside IiIockIs, selections being based on pertorman 

carcA^s merit 


llinoNAnlim Caotli ItuE.nlNn PnoonASt 

The Bureau of Animal Industry .s conducting an cxtcnsil 0 beet 
piogram m cooperation nitl. the state agncullunil ‘Tir„rogram 

ncstom, north central, and southern regions of the Piiited \,iihed 

differs in set oral respects from the regional Ceding '"'f "J”™, from 

under authonty of the Bankliead-Joncs Act Tlio financi il s PI” j gtabon 
the Research and Marketing Act of 1910 There is a regional t.onal 

advisor and a technical committee for cirh region to ad\isc ■nitli 
coordinator on matters pertaining to initiation of projects, procedures 
tion of funds The national coordinator is al«o m charge of other D j 

research for the Bureau of Animal Industry and at present has headqu 
Denver, Colorado . . 

Objediw— To improve beef cattle production with respect to qum ^ 
efficiency through use of sib tests in predicting breeding \alue of Unto 
binations of bnes of beef cattle and through propagation and distnbu 
superior lines and combinations develop 

Procedures — "Utilizing available basic research information on how 
better lines and how to measure genetic vanabilitj this new program w- 
synthesize and put to u«e in the field new lines of superior beef catt e _ 
expenment station and privately-owned unrelated herds of Hereforc , 
Shorthorn and other pure breeds of cattle and lines derived from combina 
lines of these breeds will be sib testcil Superior lines and combinations o ‘ 
will be propagated and distnbuted through cooperating state experiment s a 
to beef cattle producers for further testing under field conditions 


"Western Sheep Breeding Laboratory 

This regional laboratory was established m 1937 bj the Secretary of 
acting upon a request of the expenment station directors in the 12 1. gp 

states, including Texas The headquarters were placed at the ^ ® 
Experiment Station, Dubois, Idaho, at the request of the station directors for ^ ^ 
reason that the Bureau of Animal Industry already had available at that pom 
large physical plant consisting of buildings and sufficient land for spring 
fall and wanter range for a large number of sheep Xo experiment station m 
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region W'ls simihrlj equipped to nuintam the number of nnimals lequircd by 
the proposed reseiich program 

The laboratory is assigned to the Bureau of Animal Industry for administration 
'ind IS in charge of a director, who is also in chaige of the piogram of the U S 
Sheep Experiment Station c lined on at the same location These t^\o programs 
are separate and distinct m legaid to budget and animals, but are fully coordi 
nated by the director and his staff In the begmning the program of the Western 
Sheep Breeding Laboratory was limited to the Bambouillet breed The program 
of the U S Sheep Experiment Station includes breeds other than the Rambouillet, 
prineipallj Columbia and Targhee It also embiaces otlier lines of research 
such as range sheep management, sheep feedmg and lange vegetation 

An annual meeting of technical representatives of the cooperating state experi 
ment stations is scheduled, at which time the research progress is reviewed and 
plans are adjusted for the coming year Between such meetings the director 
■visits the cooperating experiment stations and reviews current projects which 
are being conducted as part of the o\cr all program 

Objediie — ^The mam objective is to improac Rambouillet sheep for 1 imb and 
^ool production under range conditions 

Procedures — ^To attain this objective basic breeding methods are employed, 
heritability analyses are made of the vinous utility factors and selection is 
based on production as it is measured under range conditions Emphasis is 
placed primarily on the quantitj and quality of lambs produced, the length, 
quality, and quantity of clean scoured wool and upon the adaptabihty and 
longevity of the sheep 

Development of systems of breeding for locating strains of Rambouillet sheep 
which may possess combinations of genes that will improve strains wath whitii 
they inaj be crossed includes 

1 The dev elopment of inbred strains or lines by mating animals as closely 
elated us possible with emphasis on selection for all chiructors of economic 
importance 

2 The development of inbred Imes with special reference to very imporhint 
tlmracters that arc of economic significance in range sheep such as mutton form, 
li-ngth of staple and open faces 

3 The development of non mbred control groups 

Eor the purpose of developing methods vvhirli undosirnblo charictcnstus 
can bo eliminated from Ranibomllet sheep, the inherit inco of abnorm ilities m 
the growth of wool, hairiness m tlic fleece and skm folds as wrinkles arc Ining 
studied Supporting projects in physiologj of rcjiroduction are aKo being < arm <1 
On With spcciil reference to sexual maturitj of nm lambs, qu ditj of bcnicn in 
relation to fcrtihtj and factors affecting fertihtv of ewes 

Tlie Bureau of Dairv Industry has made some notable contributions 
to b(tt<r breeding through rontimiiHl um* of proved hires, Jmving nuK'd 
huttcrfnt production in tluir Holstein and Tirscv hcrtls by about 200 lb 
P<r venr 'Ihis hurt lu lias also (ontnhute<i imuli to our knowledgi of 
Uibre<*ding and is now « mb irked on n program of t rossljnashng 
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so mony years ago animal — | ^ ‘JS’ ‘betvS by 

involve a considerable amount of ”“'5“’ . Genetics has 

only a select few on the basis of a God-givcn mstm 

dispelled this myth and made ,t “'•“ “‘^“^'’jheir producing and 
take the pains to analyze his animals in terms of the p 
transmitting abilities can also use, with varying y j animal 

sure, the only tools which ever have been or will be available 
improvement— breeding systems and selection. 


A ■prolon and eUctron$, Ihen element anerge — 

T/kv <rrganiz« and synlAesiie to form a hnng turge. 
Then animale arul vian appear tn orderly progrttsion- 
Teamed, they move with qutehened pace — a fiUtng, joint 
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Livestock Record Associations 


The follow mg list of livestock record associations, as of Sept 1, 1950, is presented 
through the courtcsj of Mr II J Brant, secrctnrj of the National Societj of Livestock 
Record Associations v\ith headfiuarters at 282 Soutli Wabash Street, Wabash, Ind 
This society was organized in 1911 and represents over 350,000 breeders of purebred 
livestock The purposes of the sociotj are slated as follows 
“The objects of tins Society shall be to advance the mterests of member registry 
associations, (1) by devising and perfecting methods for preserving pedigrees of pure- 
bred animals, (2) by endeavoring to secure the enactment of equitable law s relatmg to 
the purebred livestock industry and to livestock record associations, (3) bj securing 
the adoption of just freight and express rates on exhibition and breeding stock, and 
("I) bj originating or participating in any and all other activities which will in the 
judgment of the Directors of the Society advance the interests of breeders of purebred 
livestock through their respective registry associations ' 


Beef and Dual-purpose Cattle 

American Aberdeen-Angus Breeders Association, Union Stock Yards, Chicago 9, 
111 , Frank Richards, Secretary 

American Brahman Breeders’ Association, 2711 South Mam Street, Houston 2, Tex , 
Mrs G R Sunday, Secretary 

American Devon Cattle Club, Inc , Meredith, N H , W J Neal, Secretary 
merican Galloway Breeders’ Association, Henry, 111 , Rank C Forbes, Secretary 

American Hereford Association, 300 West lltli Street, Kansas City , hfo , Jack Turner, 
Secretary 

American Kerry and Dexter Club, Independence, Iowa, Roy Cook, Sccrctarv 

^oncan Polled Hereford Breeders’ Association, 1110 Grand Avenue, Kansas City G, 
’^lo , Don Chittenden, Secretary „ _ 

American Polled Shorthorn Society, Union Stock Yards, Chicago 0, HI , C D Sw after, 
Secretary 

A«ncrican Red Danish Cattle Association, Fairview, Mich , ClifTord Shantz, Secretary 
*^encan Scotch Highland Breeders’ Association, Henry, 111, Rank C Forlns, 
Secretary 

•uerican Shorthorn Breeders’ Association, Union Stock "iards, Chicago, 111 , Clinton 

P , ^ Toni'ion, Secretary , _ . 

Rolled Cattle Club of America, 3275 lloltlretlge Strei t, 1 ineoln, 3, Kebr , 1 . A 

_ Sloan, Stcrctarv 

he American Milking Shorthorn Socittv, 4122 South Union Avenue, t hieago 1), 111 , 

" J ILardy, Secretary 

Dairy Cattlr 

Ouemsej C»ttlc Club, retoborouKl., N ir , K..rl H 
"‘™n Cntllc Club, S.slb uiiil Ix.nB. Cobin.bus 15, Ob.o, I loul Jolui.lon, 

^rctarj 
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A>rsliirc, Bricdprs As^mticm, Ilnml.. i, ' ’ ^YillTsocn.tnn 

I)ro»n rattle BrrptUr-' Awomlioii, Rloil, Wit , I nil ^ SlBnpnjn, 

Dutch llcltcil Cattle Aaaoentinn of Amcnci, Anainosa, le , 

HolBtem-rnclum M.«,ciat.on o! Amcr.ea, Brattlcboro, Vt , 11 B Norton, Jr, 
Secretary 

Draft Ilortct 

Amencan Clydesdale Association, Union Stock \ftrd‘i, Cliicago 9, III , Miss Marg 

Condan, Secrclarj ^ P Pqt. 

Araeriean Sli.re Hone As.*)ciation, 310 Last Itli Street, Dos Alomes, lou a, L f- r 
Sccretarj 

American Suffolk Horse Association, Clinton, N J , U B \N 
lielgian Draft Horse Cxirporation of America, \\ abash, Ind , H J Brant, f>c 
I’crcheron Horse Association of America, 800 Excliangc Avenue, Union Stock . 
Chicago 9, III , Mrs Anne Broivn, Secretary 


Light II or tea 

American Albino Horse Club, Inc , Butte, Neb , Buth Thompson, Secretary 

American Hackney Horse Society, Room 1737, 42 Broadway , Ncm 'ibrkjN 

J Macy ^ diets, Secretary _ 

American Quarter Horse Association, 1405-b \\c8t 10th A^cnue, Amnrillo» » 
Raymond D Hollmgworth, Secretary .. 

American Saddle Horse Breeders' Association, 929 South Fourth Street, Ixnus'* » 
Ky , C J Cronan, Jr , Secretary 

Appaloosa Horse Club, Moscow , Idaho, George B Hatley , Secretary 
Arabian Horse Clubof America, 111 \\est Monroe Street Chicago 3, 111 , Frank > 
Secretary 

Cleveland Bay Society, ViTiite Post Va , A Mackay Smith, Secretary 
Morocco Spotted Horse Association of America, Greenfield, loiva, I/iRoy Fn *» 
Secretary 

National Quarter Horse Breeders Association, Houston 5, Tex , J M Iluffington, 
Secretary 

Palomino Horse Association, Il«»8eda, Calif , Jim Fagan, Secretary 
Paloramo Horse Breeders of America, Mineral ^SelU, Tex , Dr H Arthur Zapp®* 
Secretary 

Pinto Horse Society, Concord Calif George M Glendenning, Secretary 
Tennessee ^^alkmg Horse Breedcni' Association of Amenca, Lewisburg, Tenn , 

Syd Houston, Secretary 

The Jockey Club (Thoroughbred), 250 Park Avenue, New Aork 17, N Y , Marshall 
Cassidy, Secretary 

The Morgan Horse Club, 90 Broad Street, New Aork 4, N Y , F B Hills, Secretary 
Lnited States Trotting Association (Standardbred), Goshen, NY, Ned B Gahan, 
Secretary 

Ponxea 

Amencan Shetland Pony Club, P O Box 2557, South Bend, Ind , Wayne C Kirk 
Sicrelary 

Welsh Pony Society of America, 417 W est Engmeenng Bldg , Unii crsity of ^Lchlg3^. 
Ann Arbor, M,ch , Frank It Smith Secretary 
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Jacks and Jenncls 

Standard Jack and Jennet Registry of America, P.O. Box 375, Garden City, Kan , 
Mrs. N. E. Ilincman, Secretary. 


Sheep 

American Cheviot Sheep Society, Oncontn, N.Y., Mrs. Katlierine S. Turrcll, Secretary. 
American Corricdalc Association, 100 Korth Garth Street, Columbia, Afo., Rollo E. 
Singleton, Secretary. 

American Cotswold Registry Association, Union Stock Yards, Chicago 9, 111., F. W. 
Harding, Secretary. 

American and Delaine-Merino Association, Afarysville, Ohio, Walter M. Staley, Jr., 
Secretary. 

American "Hampshire Sheep Association, 72 Woodland Avenue, Detroit 2, Mich., Mrs. 
Helen Tyler Belote, Secretary. 

merican Oxford Down Record Association, Clayton, Ind., J. M. McHaffic, Secretary, 
^erican Rambouillet Sheep Breeders’ Association, San Angelo, Tex., Genova Cald- 
'vell, Secretary. 

American Romnoy Brooders’ •Association, 200 Dairy Building, Corvallis, Oro., H. A. 

. Lindgren," Secretary. 

incrican Shropshire Registry Association, Irfifayette, Ind., Cha.?. F. Osborn, Socrc- 

merican Southdown Breeders’ Association, 212 South Allen Street, State College, 
Pa., William L. Henning, Secretary. 

Suflfolk Sheep Society, Moscow, Idaho, C. W. Hickman, ^Secretarj'. 

Top and National Delaine-Merino Sheep Breeders’ Association, Houston, Pa., 

(' Secretary. 

umhia Sheep Breeders’ Association of America, Box 2-160, State College Station, 
jargo, N.D., M. L. Buchanan, Secretary. 

J;Ontmental Dorset Club, Hickory, Pa., J. R. Henderson, Secretary. 

'anakul Fur Sheep Registry, Friendsliip,' Wis., L. K. Brown, Secretary. 

oatadale Sheep Breeders’ Association, 61 Angelica Street, St. Ix)ui3, Mo., E. H. 

X' . ‘^^tingly, Secretary. 

lonal Lincoln Sheep Breeders’ Association, College Manor, Apartment 10, East 
JCni- Harry Crandcll, Jr., Secretary. 

V 1°^®^ ^^flolk Sheep Association, Middleville, Mich., C. A. Williams, Secretarj*. 

‘ ational Tunis Sheep Registry', Fulton, N.Y., Ralph E. Owen, Secretary. 

Delaine-Merino Record Association, Brady, Tex., George H. Johanson, 
occrctarj’. 


•Ammcnn Angom Coat Breeders’ Association, Bocksprings, Tex., lira. Tbomas I.. 
. ^^ylor, Secretary. 

9”^*' Society, Inr., Mena, Ark, R. D. Weis, Secretarj*. 

‘Win Milk Goat Record ,<Vssoeiatioii, Slierborn, Moss., Miss Mary <. .w > 
wcrctary. 


Ainei 


^an Rerkshiro .iVssoaatioii, -110 South 5th Street, Springfield, 111., Xool I. Titus 
^^crctaiy. 
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Choate, 034 

Clark, 409, G97n , 700, 703 
aausen, 215n , 216, 21&-219n , 401, 418, 
421, 607-668 
Cole, 141, 151, 155, 190 
CoUings, 24, 513 
Columella, 30 
Comstock, 269, 671 
Conklin, 590 
Cook, 293n 
Cooley, 711 
Copernicus, 301 
Coppini, 199 
Correns, 294, 300, 311 
Craft, 680-681 
Creighton, 371, 385 


E 

Earls, 243rt 
East, 295, 498, 517 
Ikiton, 34271 —343 
Edwards, 209 
Ellcrshe, 700 
Ely, 257 
Empedocles, 69 
Engle, 155 
Epbmssi, 381 
Epicurus, 09 
Erb, 111, 212 
I^pc, 253 
Esplin, 210 
Evans, 147, 155, 207 


Crew, 440 

Cruickshank, 10, 513 
Cuenot, 295 
Culbertson, 4C8n 
CuUey, 509 
Cuvier, 60, 80 

D 

Dalton, GO 
Danforth, 439 

Darwin, Charles, 78-84 , 290, 294, 305, 
420, 528 

Darwin, Erasmus, 79 
Datura, 405 

Davenport, 219, 295, 423 
Davidson, 595, 002 
DavLs, 155, 174, 177, 179,282 
Dawson, Charles, 42 
DaMson, RI , C90n 
Dempsey, 151 
Descartes, 71 

Dc Vnes, 80, 294, 301, 300, 311 

Dickerson, 510, 004n -005, C79-C81 

Dimmock, 209 

Dinnasscn, 147 

Dobzhansky, 325n , 440 

Douy, 147, 439 

Dubois, 39, 45 

Dukes, 157 

Dunklc, 353 

Dunn, 107, 317, 325n , 334a , 372-373n 
3S0, 3S3, 40Gn -407, 437n , 499n 
Dulhie, 10 
D\orachok, 647 


F 

Fairchild, 293, 305 
Finlay, 430 
Flemmmg, 294 
Frank, 251 
Frankhauscr, 440 
Fraps, 382 
Freeman, 394 
Friedman, 209-210, 228 

G 

Gaines, 595, G02 
Galen, 98 
Galileo, 304 
Calton, 294, 300, 007 
Gardner, 250 
Garrett, 700 
Gates, 409 
Gentry, 10, 510 
Gifford, 604, 698 
Gillette, 463 
Gilmore, 217 
Goetfie, 80 
Goldblatt, 125 
Goldschmidt, 437 
Gomez, 252 
Good, 523 
Goodale, 003 

Gowen, 609, 573n , 591, GOl 
, Graves, 513-514, 57271 , 603 
Green, 209 
Gregory, 381, 699 
Grew, 98 
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Griffith, 428 
Grimes, GG5 
Grueter, 253 
Grumraer, 200 
Guilbcrt, 699 
Gunn, 268 
Guyer, 430 

n 

Ilaeclcel, 99n., lOOn. 

Haley, 702 

Ham, 126, 270, 273, 2D3 
Hammond, 175, 433, G47-C48, G57-658, 
GOO 

Hankins, 050 
Hansen, 430 
Hardy, 650 
Harsch, 055 
Hart, 210 
Hartman, 130 
Harvey, 71, 98 
Hays, 291, 511 

Hazel, GGO, G77“080, G91-C92 
Hoinen, 125 
Hendrickson, 709n. 

Herman, 277 
Hertudg, 204, 430 
Hclrcr, 630, G49 
Hc\\cr, 513 
Hill, 723 
Hillman, 742 
Jlisaw, 231 
Hodgson, 212 
Hopfer, 074-075, G77 
HofnicLsler, 291 
Hogue, lOi) 

Holt, 273 ( 

Ht*oke, 91, 98, 290 
Homeinnij, 742 
HuggijH, 12.V12G 
Huglu-t. 190, 415. 613 
Htmter, 2(>0 
Hur«t, 95, 105«. 

Hutehing**, 20tf'-207 
Hulrfiifj-iuj, 131 
Hjnu, Wl, 6S9-.VK), Oil 

I 

32S 

Irwlu. 3l2 

IwAnofl. 2M) 


J 

Jarvis, CS2 
Johannsen, 301, 532 
Johnson, 125, 215 
Jones, 498, 050, 092 
Jordan, 155 

K 

Kant, 78 

Karpcchonko, 410 
Kellogg, G22 
Kepler, 301 
Khishin, 547 
KiJdcc, 4G3 
Kincaid, 677 
King, 218, 418, 511, 513 
Kirkpatrick, 110 
Kleberg, Richard, 47G 
IGcbcrg, Robert J., Jr., 476 
Knapp, 4C9, C9G-700 
Knox‘, 701 

Kocnigswalde, von, 41 
KOllikcr, 100, 127, 291 
Kolreutcr, 291 
Kogcr, 701 
Krantz, 728 
Kuhn, 381 

Jj 

Jjacy, GIG ' 

Ijimarck, 71, 70, 83, 80, 120 
I,nmb, 74Sn. 

Lambert, 4S2, 573, 72S, 732a. 

I.andnuer, 351 
Kaqueiir, 251 
J^nly, 275 

Ijisley, no. 178, 272 ’ 

I^ugltlifi, 727 
I.nwrence, 381 
I^nnritviti, 2GI 

liMniMriibtH'k, 71, 9S, 121), 209, 273, 2**3 
liHbm'tr, 78 
IW'* ring. 137 

130, 165, 2t3l 
l4W»e. 4 1 \ 
liueoln, ^‘v | 

linnam«, TR 

ni8, 130 
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American E'aex Swme As-^ociation, 1335 East 2<l Street, Muscatine, Iowa, Mrs J J 
Lighthail Secretary 

American Spotted Poland-China iVssociation, Aloberly, Mo , Van G Sutliff , Sccretarj 
American Aorkaliire Club, M allace Building, LaFaycttc, Ind , Bob Sbannoii, 
Secretarj 

Breeders Chester Mhitc Itecord Association, 330 Rojal Union Building, Dcs Moines 9, 
Iowa, L \\ Drennen, Sccrctar> 

( hosier hitc Record Association, Rochester, Ind , Lev i P Moore, Secretary 
Hampshire Swine Registry, Commercial Ivational Bank Building, Peoria, III , R B 
Pemberton, Secretary 

Kentucky Red Berkshire Sw me Association, Lancaster, Ky , Hogan Teater, Secretan 
Kational Hereford Hog Record Association, Chariton, Iowa, Harris Sellers, Jr , 
Secretary 

Kational Mule Foot Hog Association, DcGraff, Ohio, 0 C Kreglow , Sccrctnrj 
National Spotted Poland China Record Association, 3153 Kenwood Avenue, Indian- 
apolis 8, Ind , Fred L Obenchain, Secretary 
OIG Swine Association Brookvillc, Ohio, Mrs Jane Roper, Secretarj 
0 1 C Swine Breeders' Association, Goshen, Ind , Harry C Mdler, Secretarj 
The Poland China Record Association, Galesburg 111 , C G McCahan, Secretary 
Tainworlh Swine Association Hagerstown, Ind , R H Waltz, Secretary. 

Lnitod Uuroc Record Association, Peona 3, III , B R Evans, &cretary 
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A 

Adamson, G20 
Agassiz, 80 

Alexander of Maccdon, 33 
Allen, 147, 251, 439 
Almquist, 118, 278 
Altcnburg, 404 
Amos, 16 
Anaxagoras, GO 
Anaximander, G9 
Ancon, 381 

Ajiderson, 119, 121, 120, 181-183, 27C 
Andrews, 110, 112, 117-118, 123, 130, 
147, 170, 178, 200, 209 
Aristotle, 70 
Arnold, 681 

Asdcll, 177, 170, 205, 211, 252 
Auerbach, 399 

B 

Babcock, K. B., 214n., 210, 2I8-2l9n., 
401 

Babcock, ir. R, 11, 418, 421 
Bacon, 78 
Baer, von, 00, 2t)3 
Bagg, 430 

Baker, 174, 409, 515, 005, 099 
Bakcncll, in, 23-21, 293, 295, 509-510, 
513, 617, 501, 010, 083 
Bnmanl, 73 
Barry, 127 

Bartlett, 207-20S, 515 

Bnte^on, 291, 295, 3r>5, 415 

Battell, 732 

lUnce-H. 120, 120 

B-adlc, 381 

IWrd, MS 

iWk 271-272 

IWrlmis, 405, 40'! 

iWg, 12' 


Bcrthold, 113 
Bickerateth, 60 
Bilek, 243 

Biasonnette, 111, 14G 

Blakeslcc, 405, 409 

Blandau, 152, 155, 101, 107 

Blizzard, 711 

Bloom, 223 

Blunn, CG5 

Bogart, 178-179 

Bobren, 147 

Boissonnndc, 20n7 

Bos, 217, 511 

Boulc, 43 

Bmlic, 304 

Branham, 458 

Brantoti, 181 

Bratton, 27G-277 

Brett, 070 

Bridges, 214, 370, 383-384, 40^1, 400, 40S- 
409, 135, 438-410, 412-113 
Brier, 728 
Briggs, 178, 210 
Bnxly, 099, 709«. 

Broom, 45 
Brown, 4 12 
Brownell, C3I 
Bruno, 71, 78 
BiifTon, 71, 78-79 
Burrot^s, 207 

C 

Cne<ar, 5’> 

('nmemrinH, 2)3, 301 
Curd. 127, 573 
Cnninrri, 

< ov; nvs, ni'i 
f Ji-iili, J.'»5’liV.. 2tX). 221, 277, 2W.-2S7 
3>»I 

Ca-tlf, no-in, 3IU., 3,M, HHI, 411^115, 
42'*, 51 1 



7G4 BREEDWa WD WPnOVBMEtlT OF FARM ANIMALS 


lioessl, 260 
Long, 147 
Loomis, 40fi , 85 
Lucretius, GO 

Lush, 434, 4G8n, 487n , 523-524, 535, 

6S1, 616, 631-632, 666-667, 677-678 
Luzzi, da, 98 
Lydckker, 61 

M 

MacArthur, J M , 347 
MacArthur, J 11 , 347 
McCandliah, 463 
McChntock, 371, 385 
McClung, 295 
McCrory, 709n 
McDougall, 428 
McDowell, 617 

McKenzie, 110, 112, 117, 120-121, 176- 
178, 182, 273 
McLcUan, 125 
McMahon, 690, 698 
McMeekan, 657-658 
McPhee, 753 
Madacn, 729n 
Malpighi, 08 
Malthus, 81 
MangcUdorf, 382 
Msfgolm, 515 
Marsh, 10 
Marshall, 424, 431 
Mason, 53 
Matthew , 80-81 
Matthew 8, 249 
Mayer, 119, 120, 272-273 
Mcitcs, 254-255 

Mendel, CO, 294, 300, 302, 305, 345, 35G 
Mercier, 111 

Miller, 120, 125-120, 210, 207 
Mills, 170 
Mimura, 130 
Miner, 001 
Mumcr, 515 
Moeller, 130 
Mocneh, 273 
Moliler, 205 
Mohr, 400 
Moore, 117, 125-120 
Morgan, 177, 207, 29 5 348, 35 Gr, 365, 
SOS. 374 , 370, 3S3, 407, 436. 439 
442-443 


Morris, 215 
Moulton, 657 
Mouw, 654-655 
Muller, J , 100 

MuUcr, 295, 398, 402-403, 443 
Mumford, 177, 431, 510 
Murphtee, 15^156, 286 
Murphy, 573n 

N 

Nalbandov, 153, 202 
Kathusius, 401 
Neale, 694 
Nelson, 252 
Newton, 71, 304 
Nibler, 261 
Nichols, 176, 646 
Ndsson-Ehle, 345 
Nordby, 685 
Nordskog, 697n 
Norton, 581 

0 

Oken, 69 
Opperworth, 45 
Os^m, 573 
Osborne, 80 
Owen, 294, 342n 

P 

P^ter, 295, 405 
Palmer, 199 
Parkca, 433 
Pasteur, 71 
Patten, 105, 144 
Patterson, 441-142 
Pavlov, 428 
Peari, 300, 001 
Pearson, 294, 300, 523 
Pei, 41 
Perkins, 602 
Perry, E J , 261 
Perry, T W , 0C8 
Peterson, 257 
Pettit, 708n 

Pfiffner, 252 „ 

Ridlips, 110, 117, 127, 130, 175-170-^*'"' 
273, 275, 318, G90n , 728-<->«' 
732n 



I^AMB INDEX 


Pincus, 129, 1C2, 285, 409 
Prince, 278 
Puunett, 305 

Q 

Quaife, G77 
Quesenberry, 174, 477 
Quick, 117 
Quinn, 207 

U 

Ungsdalo, 277 
Ratner, 243 
Ilcdfiold, 423-J24 
Redi, 71 

Recce, 252, 254, 515 
Reese, 7l4n. 

Regnn, 51G 
Rcinckc, 112, 255 
Remak, 100 
Rliond, 475n., COO 
Rice, GOO 

Roborla, 427, 400-108, 573 
Ilobcsojj, 100 
RobiiiHon, 17G 
Robson, 399 
Rowan, 111 

B 

Bt. AuRiistinc, 70 
fit. Hilaire, 79 
Bl. Tliornns Aquinas, 70 
fiihslmry, lU, 121, 177, 200, 271-272, 
270-277 
Pandrts, 503 

127, 273 

.‘vhlnj»>n, 01, OS, 290, 2‘M, 305 
ficbnrtilrr, 

I2 

S<'hra»lrr, 1 10 

MO 

71, 00. OS, 2’X), 2'»l, 305 
\V. \\\. 125 
Htf \\>lu-r, 51 
SSl 

S.lrf. 

f.i7 

M2. 123, 12J, 


705 

Sharp, 107, 370 
Shearer, 468tt. 

Shull, 295, 419, 517 
Sidwcll, 091 
Simpson, 155 

Sinnott, 107, 317, 325n., 334n., 372- 
373rt., 380, 383, 40Ga.-407, 437n., 
499n. 

Smith, II. II., 182, 430, 033, 729rt. 

Sncdccor, 347 

Snyder, 312, 35Sn., 428n. 

Spallanzani, 71, 126, 2G0, 305 
Spcclman, 573, 732n. 

Spomann, 384 
Spencer, 82, G50 
Spiihler, 530 
Stadlcr, 309 
Stanley, 74 

Stern, 371-373, 370, 385, 413 
Stevens, 295 
Stewart, 177,215-210 
Stockard, 429-430 
Stoughton, 73 
Strasburger, 29 1 
Straus, 581 
Strieker, 253 
Strong, 250, 42G 

Sturlcvcnt, 370, 383, 407-ins, 440, 442- 
413 

Sutton, 212, 295 
Swammerdam, 98 
Si^ctt, 249, 572n. 

Sykes, 1 10 

T 

Tnnalx*, 17“, 221 
Tft>lor, 10 

Tt-rrill, 178, C51, 053, 091-092, (/M- 
095 

Tlialr*. 09 
Tlmmax, 47C 
TlKituiwin, 420 
Tlmrrt, VM 
ToulAtn, 30a. 

'ToWTJ^hrfjiI, 21 

251, 2.VI 

TrittO^TCfT, 1.55, 17*. 179. 2v2 
Trr*%ti?>4f»-, Tir'tv 
Trj 17 ^ 

T** lii'ttt *V, ‘ivea. 2*1, 3M 



706 


BKBEDJ.NO A!fD IMPHOV 


'EMENT of farm AEIMALS 


Turner, 112, 148, 200-210, 2ol-2n5, 4,0 
Turner, C D , 250, 253 
Turner, C W , 250, G02-{)03 
Tnam, 485 

Tyler, 515, 581, 589-500, Gil 
Tyrell, 118 

V 


^an Bcneden, 294 
Van Demark, 130 
^an Dyke, 390 
Varro, 295, 5G4 
Verge*?, 058 
Vernon, 448n 
Veaalius, 98 
Vilraorm, 294 
Vmci, da, 70 
Virchorv, 294 
Yon Guaita, 217 


Webster, 673n. 

Weisman, 271 

■nVwmiinn, SO, 217, 294, 421-422, oil 

Wdls, SO-81 

Whatley, 077 

Wheeler, 110 

Wheldale, 381 

Whitney, 130 

Williams, 136, 273 

Wilson, 295 

VTmsatt, 129 

W mtermeyer, 617 

Winters, 478, 517, 605, 696, 698 

Wodscdalek, 218 

Wolff, 99 

Woodward, 43, 513-514 
Wnedt, 509 ^ 

Wnght, 130,381,400, 414,490, 511, o . 

635-536, Ml, 604 


W 


W aldcyer, 294 
Wallace, 31 
( Walter, 422, 42G 
Ward. 581 

\Sat\Mck, 15G, 103,200,286, 353, 644, 
691 


Yapp, 602, C94 
Young, 119, 155 


Zclany, 883, 407 
Zeller, 175, 649 



SUBJECT INDEX 


A 

Abiogenesis, 69 

Abnormalitiea, 94-96, 169, 173 
genital, 201, 203, 221-223, 245, 281, 
342-343 

Abortion, 150, 164, 211, 246 
and brucellosis, 205-208, 246 
Acquired characteristics, 419-420 
inheritance of, 79, 82 
arguments against, 428-429 
practical phase of, 431—432 
requirements for proof of, 421—428 
summary on, 429-431 
transmission of, supposed method, 84, 
420 

(See also Characters; Secondary sexual 
characteristics) 

Acrosomc, 127 

Adohr Eldor Pcarlctte, Guernsey cow, 620 
Adrenalin, 353 
Adrenals, 113, 222, 265-257 
Afterbirth (see Chorion) 

Age and testes function, 109 
Agc-conversion factors, 593, 695, 597, 
076-077 

Age distribution of dairy sires, 018 
Agricultural Economics, Bureau of (see 
• U.S. Department of Agriculture) 
Agricultvu-c, 47 

Department of (sec U.S. Department 
of Agriculture) 

English, 22-28, 293 
Greek. 32-34, 69, 203 
tnctlicval, 28-30, 293 
Oriental, 34-30 
prehUtorlc, 47 
Iloinan, 30-32, 50-00, 203 
Alhinisin, 415 

Alfalfa Tann Ann 2iid, Grand Clmmpion 
cow, 5S7 
Alcnc, 00 

Allnnlois, 161-105, 100 


AUeles, 306, 313, 322 
multiple, 339-342, 357, 401 
AUotctraploids, 410 

American Aberdeen Angus Breeders' 
Association, 700 

American Dairy Cattle Club, 748n. 
American and Delaine Merino Record 
Association, 682 

American Guernsey Cattle Club, 620, 739 
American Hereford Breeders' Associa- 
tion, 653, 702 

American Jersey Cattle Club, 199 
American Milking Shorthorn Society, 636 
American Pacer, 21 
American Saddle Horse, 20-21, 60 
American Society of Animal Production, 
Committee on Investigations, 481 
American Trotter, 21 
American Trotting Register, 424 
Amino acids, 208 
Amnion, 168 
Amoeba, 73, 88, 90 
Amphibians, 76, 101 
Amphimixis, 419, 424 
Anaphase^ 93-94_, 307 
Anatomy, 80 
comparative, 85 
Ancon sheep, 400 

Andalusian fowl, inheritance of blue hi, 

329, 331 

Androgens, 110, 113-115, 148, 222 
Androsterone, 113 
AncstruH, 143 

Angus cattle, 23, 318-319, 113, 432, 405, 
469, 472 

Angus-IIercford cross, 319 
diagram of, 318 
Animal husbandry, 30-30 

Bureau of (see U.S. Department of 
Agriculture) 

Greek, 32-31 

growth of, in Amrrira, 745-747 
Oriej»tnl, 31-30 



beeeding and wprovement of farm animals 


768 

Ammal husbandry, Roman, 30-32 
Animal Industry, Bureau of (»« U b 
Department of Agriculture) 

Animals, and civilization, 4!>-50 
definition of, 68 
domestication of, 47-66 
farm (sec Farm animals) 
irapro\ement of, 103 
meat (see Meat animals) 
origins and progression of, 68-96 
purebred (sec Purebreds) 
related, breedmg of, 485-526 
unrelated, breeding of, 452-183 
(See also Livestock) 

Antcnor-lobe hormones (sec Pituitary 
gland) 

Anthropoids, 77 
Ape man of Java, 39 
Arab horses, 56 
Archaeopteryx, 70 
Archaoozoic Age, 40 
Argali, 61 

Artificial breeding associations, 181, 221, 
201,283-281.021 

Artificial insemination, 5, 150, 174, 178, 
186-182, 184, 186-188, 209, 221, 
260 287, 474-475, 552, 737-738, 752 
ndiantagcs of, 201-2G4, 287 
of con , 279 281 

and breeding efficiency, 282 
diagrams of, 280-231 
problems of, 284-285 
definition of, 200, 287 
disadvantagea of, 204 
equipment for, 279 
historj of, 200-201 
technique of 279-283 
A«eheim //0<lck lest, 228 
Ascorbic acid (Mtainin C), 213 
AscTiial reproduction, 100 
Asia Minor, agriculture m, 34-30 
Asa, 30. 53-54, 218, 457, 459 
Ata\L«tn, 432 
Auroclis, 59 


Autosoincs, 92, 318, 431, 138, 441, 447, 
451 

AutotclraplouU, 410 
Ajrdurp, \aMviition, 3 
\)r%hire rattle, 23. 353, 301, S'!!, 418, 
510, 570, 5'»0, 593, 5JT-50S,C00, COS, 
Ctl 


Babcock test, 294 
Babmissa, 64 
Backcro^, 364-360, 442 
Bacteria, 73 , 

Bactenaphages (bacterium eaters), 

Balance and selection, 575-5/6 
Baldness, inheritance of, 353 
Bang’s disease {see 754 

Bankhcad^ones Act of 1935, 680, 

Banteng, 67, 59 
Bar gene, 383 

Barrenness, 220 - 

of Dutchess Shorthorns, diagram ol, 

21C 

Bartholin, glands ot, 122 .c„_. 

Bates’ Dutchess family of Shorth 
214-215 „„ 

Bay State Lilly, Perehcron marj 71 J 
Beef cattle, 3, 455, 408, 651, 745, 751 
breeding ol, 174-175 
crossbreeding in, 472, 470-477 
fertility of, 176 

regional breedmg program for, 7M 
.election of, 047, C5S-054, 090-703 
triple crossing m, 469 
Beef production, 16 
Beefmaster cattle, 476 
Bees. 32, 419 
Belgian horses, 551 
Berkshire swine, 513, 751 
Beth of Amherst 3rd, pnze cow, 3Ji 
Bharal, 61-62 
Bidder’s organ, 446 
Bighorns, 01 
Diolog> , 77—78, 82 
Biometry, 299-300 
Buds, 76, 115 

reproduction of, 110 
Bison (Imffalo), 57-59, 459 
Black Death, 20 
Blackhorsc, 23 
Blastococle, 168 
Blastocyst, 149, 104 
BlastnK, 164, 108 
Blending mhentance, 330 
Blood teats, 85 

Blood tjpes in roan, 341-312 _ 

Boars, 110, 118-119, 121-122. 180, !»- 
183, 268, 278, 009-671 



SUBJECT INDEX 


Boars, 65 
(See aUo Swine) 

Bos, genus, groups included in, 57-60 
Boskop man, 45 
Bovidae, 57, 60, 480 
Bowman's capsule, 101 
Bradenhursl Royal Challenger, Grand 
Champion hull, 634 
Braham cattle, 459, 472, 476-477, 547 
Breed associations, 6, 17-20, 743-744, 
746-748, 757-760 
Breeding, animal, 1-36 
analysis in, 749 
art of, 742, 748 
basic idea in, 562 
definition of, 16 
in England, 22-25, 36 
genetics of, 12-14, 301-302 
n& hobby, 1 
as livelihood, 1 
opportunities in, 14-17 
and ovulation, 154-155 
pre-Mendelian, 292-293 
progress in, 743-744 
since 1900, 294-296 
and records (see Records) 
scientific basis of, 742-743, 753 
status and problems of, 11-14 
synthesis in, 749-750 
systems of, in related animals, 485- 
520 

and sterility, 217-219 
in unrelated animals, 452-483 
and variation, 411—112 
plant, 46-47 
prc-Mcndclian, 293-294 
Breeding cfricicncy, in horses, 731-732 
Brcetling management, of female, 187- 
192 

of male, 170-187 
Hreecls, American, CG 
beginnings of, in England, 22-25 
competition in, 19 
differences in, 610-651 
ri“c of, 20-22 

imd selection, 453, 5J9-552 
trade-marks of, 551-552 
(•SVr nlM Purebrixls) 

Bridge of inheritanec, 418 
Bronre Age, 47 


VC9 

Brown Swiss cattle, 487, 540, 570, 693^ 
600, 608 

Brown Swiss Cattle Breeders' Associa- 
tion, 634 

Brucellosis (Bang’s dises^e), 190, 205- 
208, 223, 246 
Buffalo {see Bison) 

Bull indexes, 001-613 
as selection tool, C09-G13 
work sheet for, 605 
Bull pen, safe, 612 
Bull transmitting chart, 622-624 
Bulla, 180-181, 207-208, 211-212, 262- 
263, 269, 273, 278, 284, 345, 347, 30l, 
424-425, 464^-465, 538-640, 580, 5Dl, 
637, 695, 701 

best age at which to buy, 613-615 
dairy, age distribution of, 613 
methods of indexing, 601-613 
exercising paddocks for, 183 
fertility of, 177-178 
young, selection of, 618-622 
{See oho Cattle) 

Burdizzo forceps, 116 

Byzantine Empire, agriculture in, 29 

C 

Calcium, 325-126 

Calf, in utero, abnormal positions of, 239 
ttormai positha a/, 237 
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Creation, separate, theory of, 77-78, 80 
Creepers, 342 
Crisscrossing, 472-473 
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schematic, 367 
unequal, diagram of, 407—10S 
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Dairj Herd Improvement 
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Danish Landrace sniuo, 477 
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of dairy cattle, 0 
genital, 221 
inheritance of, 425-427 
ri*«i.»tancc to, 573 
Drdilcy shetp, 401 
l>ogs 47, 49, 200 
lirreiU of, 53 
donutflicalion of, 50-53 
uriEin of, 52-53 
I'pecii'^ of, 51 

Dumwtimtiou of animals, 47-06 


Cr— ,P-hcronnmra,7I0- 
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Dorset sheep, 353 

=E:';r£.Bi 

412, 410, 434, 439-442, 444, 447, 
diagram of germ colls m, 435 
eight chromosomes of, 140 
inbreeding of, 511 
linkage map for, 370 

nondisjunction in, 435 

notch deficiency m, 407-408 
relation of sex 

Bcx-hnkcd factors m, 349-35U 
Droiofhila Btmulan$, 400 
Dual-purpose cattle, 16 
selection in, 703-704, 745 
Ducks 32 

Ductless glands, 352 
Duplication, 407-405, 486 

and inversion, diagram of, 4us 
Durham Shorthorns, 24 _y, 

DurocJcrscy swine, 21, CC, llO. 323, r 
4CO-1C8, 481 .Q 

Duroc Ilccord Association, 64J, 

Dwarfs, 04 
Dynamometer, 729 
Dystocia, 240 


llumwumtiou oi animals, 

IViminanrp, 313 315. 321-322, 321-325, 


333 331,315-310,551 
of. 32‘> 332 
Doinminl, 30»i 


Detoderm, 99 

rgg (»f6 Ovum) , 1 j 

r-pj -: production, effect of hsh o » 

Lg> pt, agriculture m, 34 puampi”" 
lulccnmerc s ElTio ^ 
cow , 200 

Ejaculatory ducts, 120 
riaslration, 110 
Electron microscope, 73 
Elephant, 05 
I masculatomc, 117 
Imhryo, IGl, 100,220.290 
dtirlopinciit of, 10 O-l «0 
1 mhryologj , 80 

romparativo, 81-85 
early duscovcrics in, 99 100 
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Encasement, 98 
Endocrine glands, 352 
functions of, 220 

ovaries, 134, 146-150 
placenta, 100, 227 
testes, 105, 109 

Endocrine secretions and sev determina- 
tion, 443-446, 451 
Endocrinology, 147 
Endoderm, 99 

England, beginning of breeds in, 22-25, 
36 

farnnng in, 23, 25-28 
Environment, 7S-79, 82-83, 86, 356, 409, 
412, 422, 424, 432, 554, 010, 657-661, 
691 

heredity vs., in selection, 540-547 
and reproduction, 222-223 
role of, in evolution, 89-90 
and somatic variation, 418-419 
and training, 291-292 
Enzymes, 122, 381 

Eoanlhropus dawsoni (Pdtdowm man), 42 
Eocene period, 39, 85 
Eohippus, 85-80 
Epididymis, 104, 118-110 
Epistasia, 315, 318n., 334, 303, 524, 554 
definition of, 322 
dominant, 323 
incompletely duplicate, 323 
other types of, 323-32 1 
recessive, 323 
summary on, 324-325 
Epithelium, 121-122 
Equal-Parent Index, 538-539, 00 1, 607 
Equidac, 53 

E<pius cahallus, 51, 67, 85-86 
PrzhetaUhi, 61 
Estradiol, 147 

l>troRons, 142, 147-150, 170, 222, 220, 
228, 230-231, 251-254 
Estrone, 1 17 

Enrolls cycle, 1 12, 150-151, 187, 220-221 
(heal), 1 t2-M.5, 150-151, 170, 
170-180, 187-102, 105, 227 
and KCHintion, (able of, 235 
Evolution, 2t>0, 410, 120 
tlefinilioti of, 77 
dynanue, 423-121 
evitlenre for, 81-8f» 
of honw', 85-87 


Evolution, mechanism of, 82, 80, 88-89 
modem theory of, 79 
organic, 76-81 

Ewes, 190-191, 210, 232, 237-238, 246, 
282, 286 

Exercise, for male animals, 183-186 
for pregnant females, 235, 246 
Experiments of Mendel, in hybridization, 
309-311, 348 
with peas, 402 
summary of, 310 

E 

Fi (first hybrid generation), 307 
Fj (second hybrid generation), 307 
Fallopian tubes, 127, 130-131, 157-158* 
166, 170 

Family and selection, 666-568, 627-631, 
678-679, 695 
female, chart for, 608 
Farm animals, 1, 10, 90-91 
characteristics of, 537-541 
improvement of, means of, 641 
marking of, 245 

newborn, care and feeding of, 212-214 
and principles of inheritance, 370-380 
reproductive cycle in, 143 
sperm of, 180 

taxinoinic arrangement 00 

value of, per head, 537 
(Sec also Livestock) 

Farm income from livestock, 1 
Farrowing pens, 232-233 
Fat Corrected Milk (F.C.M.), 595, 698, 
000-002, 02 1, 020 
Fat deficiency, 181 
Fecundity, J 99-200 
Fertility, 118, 174-170, 181, 215, 720 
definition of, 19S 
nnd cKcrclsc, 183, 18.5 
lowcrwl, 19S-2H, 219-223 
niul inbrecsliiig, tnblo of, 217 
and nutrition, 112-113, 175. lSI-185, 
20')-21 1,223 
til peb'oiion, 572-573 
rcrtilizslion, 1, 91, 103, 12S-I2^I. 131. 

139-110, 157, 101-103, 100. 737-73'J 
Frtnl inon^tcr^, 215 

IVtii^, I5n. 101-105, 22f., 230. 230-238, 
2 in, 2 sr, 
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Fetus, abnormal positions of, 23&-240 
presentation of, tjpes of, 238 
Feudalism, 26, 28 

billies, selection of, 723-726 
Fillrable viruses (filter passers), -3-74,9^ 
Financial King’s Interest, J ersey cow, 448 
Fish, 101 

Fiasion, 100, 443, <37 
Fis^ipedia, 51 
numbing, 210 

Follicle (see Graafian follicle) 
Follicle-stimulating hormone (FSH), 141 
142, 153, 221 
Food, 418 

of animal ongm, 6, O-H 
(See also Nutrition) 

Foremost Prediction, Guernsey boll, 740 
Fowl, 49 

comb form in, 330 
diagram of, 317 
crossing of, 329-331, 351-353 
diagram of, 352 

(See o!ao Birds, specific kinds of fowl) 
Freaks, definition of, 411 
Frcemartm, 188, 203, 444 
French Charollais cattle, 476 
rsu (.tee Follicle-stimulating hormone) 
Futurity index, 727 


G 


Galactin, 254 

Galloway cattle, 23, 4C5, 472 
Gametes, 307-308, 311, 313, 394, 390, 449 
female, 139 
functional, 107 
(See olso Ovum) 

Gaatnila, 104 
Gaur, 57 
Geese, 32, 110 
Gcmtnules, 420 

Gene frequencies, changmg of, 399, 541— 
510, 550 

Gene mamfestations, 355-357 
Gene pairs, 320-322, 332, 339, 304, 370- 
371, 307, 512-513 
table of, m cross, 320 
Genes, 12-13, 75, RG, 88, 91-93, 186,291- 
2J2, 295-200, 209, 301, 313-317, 417, 
740 

ebanges in blocks of, 401—117 


Genes, definition of, 306 
and development, 380-384 
dominant, 414, 432, 456. 533 
duplication of, 407-408 
interaction of, 610-611 
multiple, 344-348 
lethal action of, 342-344 
luiear order of, 373-374 
and mutations, 453, ,03 

general statements about, 401-4 
variations from, 398--399 
number of, m man and farm anim , 

physicochemical nature of, 298, 3 
357 

recessive, 412, 432, 456 
recombuiations of, table of, 390 
and sex detennmation, 441 
scx-lmkcd, 349 
partially, 351 
size of, 357, 380 

summary on, 357, 386 

(See aUe Heredity, Inheritance) 

Genetic equilibrium, 412 .. 

Genet.ce, 12-14, 17, 21-22. 82, 80, 290- 
302 

content of, 291 
definition of, 290-291, 332 
modem theory of, summary of, 

386 

problems of, 296-301 
problems on, 334-338 
Gcntc balance, 444-445 
lheor> of, 437-440 

Genital ndge, 100 ofY2_203 

Genitalia, anatomical defects of, ^ ^ 

cmbrjological development© , 

female. 134-142, 148, 157-161, 103- 
166, 186 

diagrams of, 135-137 
sperm survuval m, 129-130 
male, 109-123 

malformation of, 118 
mechanical mjury of, 203-204 
Genotype, 307, 316-3ii, 319- , ^ 

325, 390, 483, 534, 537, ® 

Germ ccUs, 1, 82-83, 89, 91-92, 100, 1 - 
103, 312-314, 304, 424, 42S 
division of, 93-00, 100, 307-309 
origin of, 96 

table of types of, 394-395 
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Germ plasm, 18, 20, 88, 91-92, 96, 301, 
418-119, 425 

schematic representation of contmuity 
of, 421, 429 

Germmal epithelium, 102, 105, 135-137 
Germinal variation, theory of, 80 
Gestation, 230 
and estrus, table of, 235 
ovarian hormones during, 226-227 
table of, 234 
Giants, 94 
Giraffidae, 57 
Goats, 32, 35, 60-63, 457 
milk yield of, 15 

Gonadotropic hormones {see Hormones) 
Gonads, 102, 114, 116 
Gonium, 75 

Graafian foUicIc, 99, 135-143, 151, 153, 
170, 220-221 
diagram of, 144 
Grading, 459-4G5 
Gram surpluses, 10 
Greece, 804 

agnculture and animal husbandry m, 
32-34 

Grimaldi race, 44-45 
Guernsey cattle, 21, 391, 448, 471, 540, 
550, 570, 693-595, GOO, G04, 008, 610 
Guinea fowl, 32 
Guinea-pigs, 430, 511-512 
Gynaiidromorphs, 442-443 

H 

Hamblctonian 10, 424 
Hampracc swmc, 477 
Hampshire Doum sheep, 475 
Hampslurc eume, 21, 477 
Hampshire Swine Registry Association, 
G55, GGO 
Haploid, 307 
Haploid number, lOS 
Haploid>, 400 
Harvard University, 120 
Health m selection, 573-571 
Heal (8#-c 

Heulcllicrg man, 12-13 
Heifers, Bclertioii nf, 037 

thrmiefi fienf f.novvfisfgc, C2{~Ct33 
Herd IxMiks, 17, 2"»‘>-300 
Herd Improvtmcnt Tc«l, fiOS 


Herd tests, 18, 747 

Hereditary transmission of character- 
istics {see Characters) 

Heredity, 1, 3, 12-14, 84, 96, 103, 215- 
217, 223, 292-294 
m beef cattle, 697 
definition of, 307 

vs environment, in selection, 546-547 
m horses, 713 

prmciples of, 304-333, 339-357, 3G4- 
387 

m sheep, 092-694 
in STvme, 661-662 

Hereford cattle, 23, 318-319, 413, 415, 
465, 469-470, 472, 476, 746 
Hermaphrodites, 444 
Hermaphroditism, 100, 102 
Hernia, 202 
scrotal, 118, 202 
Helcroploids, 307, 409 
Heteroploidy, 408-409 
Heterosis (hybrid vigor), 218, 450-457 
definition of, 482 
Heterotypic division, 108, 138 
Heterozygosity, 13, 17, 295, 301, 4DG-499, 
731 

controlled, 752-753 
Heterozygoto, 307, 329 
Hinny, 218, 457, 459 
Hippopotamidae, 64 
Hippopotamuses, 04 

Hoard, tV D d. ^ns, Publishing Co , GIG 
Hogs, 30, 32, 48-49, 454, 555-55G 
carcasses of, D58, 008 
nutrition of, G57-C58 
in United States, 2, 15 
{See also Swine) 

Ilolstcm cattle, 21, 393, 115, 118, 471 
487, 540-541, 541-545, 550, 570, 581, 
593, 599-600, COS, 738, 755 
lIolalcm-rncHian cattle, 487, 515^ 539, 
691, 752 

Jfolntcfti~Frtesian I!eil Book, 619 ^ 

IIoMcm indexes, graph of, 393 
Ilommidao, 41 

//onw) fc<’nlf/6rfprnsj* (Hejth Uktjj man), 
12-43 

Homo nenndrrthatrnns (Nrandcrthnl 
mini, ft-f-l 

Itomo tapitnn, 3.S, 12-46, 66 
<5#r of»f> Man) 
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mnnnc. .iM) nwimtwsT of f-tRU 


lIoraotjpicdiM'^ion, lOS 

IIomozjROsitj, 13, 17,301, 100-4 ,• , 

752 

lIomoz>K'>te, 307, 320 
Hormone le\cl<?, 11 

Hormones. 140-141, 215-25,, 3o2, 411- 
440, 740 

distriVmlion of, 111 

fcmnle (oN^nan), 142, 140-150, 1«0, 
252 

effect of, on RcmUl organi 1 1’^HO 
dunnR Rcalation, 220-227 
and oMilation, 151—151, 101 
and 8ct.ondar\ sex charactcrwttca, 
149 

structural formula of, 140 
foUiclc-stimulatiTiK (tSH) (ir? l-olhclc- 
stimuhtiiiR hormonca) 
gonadotropic, lOS-lOO, 112, 110, 142, 
140, 153, 219-222 

interstitial ccU-stiraulating (ICSU), 

100 


lIor<r^, selection in, 70S-*33 
Btimmsrj on, 733^ 

Birc indexes in, 727--yi -33 

iw (louree of iwi>er, 5., 

"slcppe,’* 55 
TliorouRhlirwl, 17-18 
t\pc in, 72*1-731 

of, 63-51, 712 

FiUies. Mares, Stallion; 
specific names of Iiop*m) 

Hunting 'tape, 40 
ll^lind com, 517 
Hjlind \igor, 150-157,031 
definition of, 432 
H>l»ndiialion. 457 

(Srr aho 1 sporimi-nU tit 
Itjlincl,, no 215-210, 2'J3, 301, 30o, 
303-310, 330 
coinmerrial 158-159 
definition of, 300 
intergcneric, 410 


lactogenic, 253-255 

luteuiuing (LH) («<e Lutcinixmg hor- 
mone) 

male (androgen), 105, 100-110, 113 
115 

pituitary, 252 
8CX, 147, 209, 220, 222, 353 
thyroid (Ihjroxin), 112 
Homs of uterus, 158-159, 170 
Horse associations, 8, 758 
Horse problems, 191-192 
Horses, 25 30 32, 35, 48-49, 423-121. 
457 , 551, 508 
adaptabiUt> of, 714-715 
Arabian, 5G 

breeding efliciencj m, 731-732 

buying of, 713-715 

domestication of, 53-57 

draft, 728-731 

evolution of, 85-87 

on farms m Umted States, 2-3, 15 

fertility of, 170 

"forest,” 55 

Greek 33,55 

lethalsm 343 

and mechanical power, 708-710 
ongm of, 54-50 
pedigrees of, 712, 724-725 
for pleasure purposes 3, 57 


I 


ICSH (<« Intcrstitial-ccU-etimulating 

hormone) , 

Illinois Univmitj of, ColUge of P” 
culture, 400 

llhnow Fxprnracnt Station, 182, ai i . 

Implantation, 103, 170 

Inbred line, definition of, 432 

lnbrcctt.ni:, 217-21S, 225, 411-112. 450, 
470 480-4SS, 081, 752 
throusli brotbcMBtcr roatmB, o'" 
TOcfficicnt ol, 495—109, 515 
table for, 501 
conclusions on, 522-52o 
examples of, 505-500 
expcnmentnl data on, 511-51i 
formula for, 495—190 
good results from, 510 
harm from, 610 cqq 

through parent-offspring matmg, ' 
521 , r94 

pedigree of fixe generations of, 
role of, 500, 508-509 
summary on, 525 
use of, 517-518 
Incasement, 98-99 
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Incross, definition of, 482 
Incrossbred, definition of, 482 
Independent assortment, 300, 311-313 
.Indexes, 538 
' buU, 601-613 

equal-parent, 538-539, 604, 007 
futurity, 727 • 
pig, 673, 678 
regression, 606-613 
sheep, 694-695 
sire, in horses, 727-729 
Indiana Experiment Station, 126, 182 
Individuality and selection, 552-557, 
678, 695 

Indo-European race, 35 
Infertility, 112, 188, 228, 285 
Infundibulum, 161, 170 
Inheritance, 79, 82-83, 103, 294-290, 
299-300, 302, 305, 322, 339 
of acquired characters, 419 
(See also Characters, acquired) 
blending, 380 
bridge of, 418 

gone mechanism of, 80, 88-89, 96, 355- 
357, 412, 417 

gene theory of, evidence supporting, 
384-385 

in hooded rats, 414 
laws of, 300 

Mcndelian theory of, 311-313, 329, 351 
multiple factors in, 344-348, 357 
physical basis of, 307-308 
principles of, and mental traits, 427- 
428 

probability in, 354-355 
problems on, 357-303 
sex-influenced, 352-351 
sex-linked (sec Sex-linked factors) 
summary on, 357 

Insemination, artificial (see Artificial 
insemination) 

Interference, 300, 377-379 
International Livestock Ex|K»sitic»n, 4C3, 
465 

Inlersexes, 437--13S, 4 10 
Interstitial -roll-stimulating hormone 
(ICSH), 109 
Inversion, 400 
Invertchratt*^, 38, 6$ 
lown Agrirnlturnl Ib:p<*rimrnt Station, 
163, 407-408, 055n., C77 


Iowa State College, 434 
Iron Age, 47 

J 

Jackal, 51 

Jacks, 711, 759 

Java, ape man of, 39 

Jay Farceur, Belgian stallion, 742 

Jennets, 459, 759 

Jersey cattle, 17, 448, 402, 471, 540, 650, 
570, 693, 600, 008, 755 
JJ Gertrudis, champion Hereford cow, 

702 

K 

Kansas Agricultural Experiment Station, 
318n. 

Ividneys, 101 

ICing of the Ormsbys, Holstein bull, 
charts for, 023-024 
King Ranch, 475-476 

L 

Labia majora, 103 

Lactation, 170, 210, 220, 250, 253-258, 
353 

Lactogenic liormonc, 253-255 
IjafaycUc, Grand Champion Perchcron 
stallion, 722 

Lalctto, Perchcron stallinn, 723 
Lamarckism, 431 

vs, IVcismannism, 420—121 
Lambs, carca^tecs of, 083 

production of, in relation to face cover- 
ing, G52-053 
study of, 089-691 
Lancashire cattle, 24 
Laiidmco swine, 408, 477—178, 007-068 
l<nsnirr Ranch, 470 

I^assie of \V. T., Grami Chanipnin cow, 

703 

liciccster sliwp, 24, 475 

Perchcron filly, p»sljgrce i>f, 725 
I>ethnl action of genes, 312-314 
lx:lhnK 312-313, 417, 573 
lialnnccd, 403 
imiurtsi, dingmni of, 402 
lut of, 313-314 
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Leydig cells, 104, 113 
LH (see Luteinizing hormone) 

Libretto, Pcrchcron stallion, 71&-717 
Light, 418 

effect of, on reproduction, 222-223 
on sexual cycle, 14G 
on spermatogenesis, 111-112 
Lmcoln sheep, 475, 0S4 
Lincolnshire Ox, 23 
Lmebrcedmg, 476, 480, 48G, 518-523 
Linm netr\oTk, 92 

Lmkage, 295, 306, 3G5-3GQ, 374-377, 386, 

397 

Linkage groups, limitation of, 300, 379 
relations of, 379 

Livestock, characteristics of, 537-541 
income from, 1 

number and value of, in United States, 
2-4,9 

practical improxement of, 453-483 
(See oiso Farm animals) 

Livestock record associations, 757-760 
Livestock ahons, 19,,571-S77 
I ivealock trends in United States, 3-4 
Longhorn cattle, 23 

Loyal Alumnus 4th, Grand Champion 
steer, 466 

Lumen, lOG, lOS, 100 
Luteinizing hormone (Lll), 100, 141 142, 
153, 163, 221 
Lynianlrta dispar, 437 

M 

Mudstone Dairy Queen, Grand Cham- 
pion cow, G3G 

Marne Agricultural Experiment Station 
50G. 569 

Major MacEarlane, champion gelding 
403 

Mammals, 76-77, 103, 110, 131, 249 
classes oi, facing 04 
farm, sex ratios m, 434 
(See also farm animats) 
gcrm-cell differentiation in, 419 
higher, sex establishment in, 446 
placental, 7C 

Mammary glands, 220, 241 
dc%e)opment of, 249 253 
endoerme regulation of, 251-253, 258 
stimulation of, 2o2, 257-258 * 


Mammogen theory, 253 
Man, 77—78, 101, 353 
blood tjpes m, 341 
color inheritance m, 346 
early, and animal domestication, 38-66 
early forerunners of, 39-46 
Icthals in, 344 

modem (homo sapiens), 38, 42-'lC, 60 
sex Imkcd factors m, 350-351 
sex ratios in, 434 
time chart of, 40 
Manor system of farmmg, 20 
ItlansOeld, Morgan stallion, 744 
Mar«, 178, 209, 227-228, 232,234-238, 
242, 246, 260, 281-282, 726 
(Sec also Horses) 

Markhor, 62 
Marsupials, 76 

Ma8sachu«etts, University of, 630, 033, 
716, 724 

Massachusetts Experiment Station, 21 1 
Massachusetts State College, 448, • 16 
Maternal impressions, 431-432 
Maternity barns or pens, 231-232 
Mating, Mendelian formula for system 
of, 498 

Mauchamp sheep, 401 ^ 

May Rose II, Guernse) con, "39 
Meal, consumption of, 9-10 
production of, CC 
Meat animals, 3, 23, 60, 583, 751 
and environment, 057-601 
judging of, 040-647 
and production, 508, 570-571 
selection in, C44-704 

through production records, 655-65 
Mediastinum testis, 118 
Meiosis, 307, 394 

of germ cells, diagram of, 107, 141 
Meiolic dixusions, 100 
Rfcndehan formula for system of maimS, 
498 

Mendelian principles of inheritance, 29 , 
298, 300, 306, 329, 354, 3G5, 3SG 
Mendelian terms, 30G-307 
Mendelism, 307 
essence of, 308-309 
Menstruation, 143 

^^ermo sheep, 27, 353, 400, 472, 475, 6S2- 
684 ' 

Mesoderm, 99, 101 
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MesoWppus, 85 
Mesonephric duct, 101 
Mesonephros, 101 
Mesosalpinx, 167 
Mesozoic Age, 40 
Metal ages, 47 
Metaphase, 93-94, 367 
Metestrus, 142 
Mice, 426, 428, 430, 433 
breeding for coat colors in, 319, 325- 
329 

inbred, decreasing fertility in, 217 
Microscopes, 73, 269 
Middlchom cattle, 23 
Milk, ejection of, 256-258 
of goats, 15 
yield of, 4, 6 
average, 6 
record, 14 
(See flZscT Lactation) 

Milk fever, 229, 241,256 
Milk production, 59-60, 455, 471, 638- 
540, 550, 555-550, 504-565, 509-570, 
680-624, 629 

Milkdalo Aristocrat Rag Apple, Hol- 
stein bull, 201 
Mind, development of, 77 
Mineral deficiencies, 213-214, 229, 241 
Minnesota Experiment Station, 215, 472- 
473, 482 

Minnesota Ko. 1, boar, 478 
Minnesota No. 2, boar, 478 
Miocene Age, 85 
Missouri, University of, 272, 270 
Missouri Experiment Station, 177, 182 
Mitosis, 307 
germinal, 140 
Modincatioiis, 419-120 
Jinatomical, 421-122 
environmental, 422-123 
functional, 423-125 
patliologioal, 425-127 
TMychologieal, 427-128 
MoUiure, 418 
Monwtnw nnitnals, 145 
MonVt-y, S.mUi Gcrlnnlis Imll, 470 
Mnjmb>l,rid. 300 

Monnh\l,ri(l crosses. 313-31 1. 332 
Mtmlnna Agriailtuml Exp«*riinent Sta- 
tion, 409, 477, 751 
Moivtfttift No. 1, llamprar** hog, 177 


Morgan horses, 20, 60 
breeding of, 732-733 
Aforula, 168 

Alouflon sheep, 62-63, 648 
Mt. Hope bull index, 603 
Alullerion duct, 102 
Mules, 431, 457-459, 517 
on farms in United States, 2-3 
Alultifactor crosses, 319-320 
Multiple births, 156, 162, 215 
Mutability, 78, 79 
opposition to, 89-81 

Mutation, 80, 88, 222, 295, 343, 373, 424, 
741 

definition of, 411 
direct, 401 

gene, general statements about, 401- 
403 

variation from, 398—101 
reverse, 401 
theory of, 301 
Mutilations, 421 

Mutual Ormsby Jewel Alice (Holstein 
cow), pedigree of, 492-493 
MW I»arry Mixer Ist, champion Here- 
ford bull, 702 

N 

National Agricultural Research Center, 
Bcltsvillc, Md., 689, 751 
National Barrow Sliow, 045 
National Dairy Show, 448, 510 
National Research Council, 213 
Natural selection, 83-81 
Neanderthal man, 43-44 
Nebraska, University of, 177 
Neolithic Ago, 41, 47-19, 53, 02 
Nephrotome, 101 

Nctberhall Swanky D-an, Ayrshire Inill, 
5S7 

Nnc Knglnml Ilomrflead, 1-5, 8 
New Era’fl Type, Duroe sow, 070 
New Jersey AgriouUural lhc|HTin»rnt 
Station, 515 

Nw\' Stone (Neolithic) Age, 13-1 1, 48-- 19, 
53, 02 

New York .Nrtifieltl BfT<'«lefH' C*i‘f>j»ern- 
Inr, 201, tVll 

New York .8|.nte, ».tmfy of wa*minl frr- 
tUity in. Ill 
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New York State Fair, 555 
Kicking, 412-413, 457, 473, GIO, 619, 713 
Kondisjunction, 214, 435-437 
Notch deficiency, inheritance of, 407 
Nucleus, 73, 91-94, 108, 137, 130, 170 
Nutrition, of bacon hogs, 057-658 
of beef cattle, 698-700 
and fertility, 112-113, 175, 184-185, 
209-214 
of mother, 211 
of newborn, 242-244 
of sheep G58 
(See also Food) 

Nymphomania, 189, 221 

O 

Ohio Experiment Station, 190 
Ohio State University, 7lG 
Oklahoma Experiment Station, 155,210, 
2Cl, 481 

OM Stono (Paleolithic) Age, 43-49, 55 
Ohgocenc period, 39, 85 
Open field system of farming, 22, 26 
Orchitis, 200, 210 
Organic evolution, 76-81 
definition of, 77 

Organisms, evolution of («<e Organic 
evolution) 

generation of, 08-72 
singlc-cclled, 72-77 
Oriental agriculture, 34-36 
Orthogenesis, 84, 89-90 
Os uteri, 135 

Outbreeding, 456-183 525-520 
Outcrops, definition of, 482 
Outcroshing, 480, 483 
0\anan stroma, 136-137 
Oiarics, 90, 102-103, 113, 134-140 151- 
157 

functions of, dual, 134-135, 170 
homorud, 140-148, 170, 353 
hormonal regulation of, 140-142 
schematic diagram of, 144 
CO-61 

0\ogencsH, 135, ISO, 152 
Ovulation, 151-155 

and breeding tune, 154-155, 179 isr_ 
191, 220 ’ 

super., 155-150 


Ovum, ova, 1, 83, 91, 90, 99-100, 302, 
134-142, 158, 220 
cyclic development of, 138-142 
developmental organisation of, 298- 
299 

fertilization of, IGl— 1G3, 170 
fertilized, transplantation of, 288-287 
vitality of, 155 
Oxen, 25, 35, 59-60 
Oxford Down sheep, 475 

P 

P (parental generation), 307 
Paedogenesis, 100 

Paleolithic (Old Stone) Age, 43-49, 55 
Paleontology, SO, 85 
Paleozoic Age, 40 
Pangcnesis, 78, 82 
Parallel induction, 418 
Parathyroid, 229, 250 
Parthenogenesis, 100, 162, 384, 409 
artificial, 740 

Parturition, 134-137, 104, 193, 204, 220i 
220, 230-242 
act of, 236-238 
assistance at, 238, 240 
care of mother at, 241-243 
care of j’oung at, 246-241 
comphcations of, 245-247 
duration of, 237 

physiological regulation of, 236-231 
place of, 231-233 
and sanitation, 233 
preltmmanea to, 235-23G 
significance of, 231 
tune of, 233-235 
and types of presentation, 238 
Pasang, G2 
Peccaries 64-65 
Pecora, 48, 57 

Pedigrees, 17, 48, 215, 491, 746 
bracket type, 558, 561 
of bulls 492-493 

of cattle, blood and chromosome dislri 
bution in, 494 
dairy , eatimates of, f>35 
early or old-style, 558-559, 561 
female side of, 560-562 
of five generations of inbreeding, 52 
of horses, 712, 721—725 
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Pedigrees, identity of, 489 
to illustrate linebrecding, 520 
of inbred pigs, 514 
of outbred animal, 498 
pictorial, Galton’s law, 495 
schematic, 488-491, 559 
and selection, 553, 557-563 
of swine, 673, 678 
Peking man, 41 
Pembroke cattle, 23 

Penis, 102-103, 114, 122-123, 202, 26G- 
268 

PentoiJa’s Favorite, Percheron mare, 7JC, 
718, 723-725 

Percentage of blood, 494-495, 501 
Percheron horses, 545, 551 
family chart of, 716-723 
Performance records (see Records) 
Pcrlssodactyls, 54 
Pflilgcrs egg cords, 102, 138 
Phacochaenis, 64 
Phallus, 103 

Phenotype, 307, 310-317, 320-321, 324- 
325, 332, 483, 534, 630-537, 552-554, 
657 

Physicochemical entities in heredity, 
290-298 
Physiology, 98 
Pigeons, 32 

Pigs, 20, <10S-1G8, 47" 
inbred, pedigree of, 614 
in Unitwl Stales, 2 
(See also Swuic) 

PiUdown man, 42 
Pmnepedia, 51 

Bilhecanlhropus crcclus, 39-41, 43 
Pittsfield, Mass., first livestock show, 671 
I’ltultnry gland, 1 12, 229, 253 
hormones of, anterior * 1060 , 150, 153, 
103, 219, 230-231, 252, 251 
postcrior-lobc, 230, 237 
Placenta, 101-lGG 
endorrino functions of, 227 
Plant rtiUttrc, 301 
I'arly, 40-17 
prc^McTulfli-vn, 203-2'>l 
Plant*, di'<e!i.»e“n“«t*tniit, 673 
wnnatic vnrhlioti in, US-U 9 
ncj^loeetic Age, 3'1. 11-12, 02, 86 
I’lif'cene Age, G?, 86 


Poland-China swine, 21, 66, 215, 466, 
468, 478, 482, C49, 654 
Polycotyledonary animals, 165 
Polyestrous animals, 142 
Polymerization, 74 
Polyploids, 295, 307, 409 
commercial interest in, 410 
Polyploidy, 409-411 
Ponies, 423 
Pony associations, 768 
Population of United States, farm mam- 
mal, 3, 11 
human, 3, 6, 10 
Position-effect theory, 408 
Posterior-lobe hormones (see Pituitary 
gland) 

Poultry, mass selection in, 666 

(See also Fowl; specific kinds of 
poultry) 

Preformation, 98 

Pregnancy, 142, 157, 173-174, 177, 105, 
226-230, 245 
diagnosis of, 227-229 
endocrine changes during, 229 
premature, 178 
pseudo-, 229-230 
termination of, 230 
(See also Abortion) 

Prepotency, 4J3-414 
Primates, 39, 143 

Prince Sunbeam 2i9th, Grand Champion 
bull, 700 

Private ownership of land, 20, 28, 33 
Probability, 35t-355 
Production, milk (see Milk production) 
in selection, 508-572, 055-057 
Production averages and selection, 574- 
575 

Production registry of swine, purpose of, 
072 

rules fop, OOD-O?! 

Procstru*^, 1 13 

rit>g«‘i»y-j>crronnni!Co record'? (see Rcc- 
ortl?) 

IVogeny-jx'rfnrmattcc lc?t, 553, 603, 005 
practical •‘honcoming? of, OlO-filS 
and election, 60l-6<10, r.TlMlSO 
PmgeHleronc, 1 12-143, 1 17-160,220, 220, 
231. 262-261 

fijnclHin* of, 103-101, 170, 230 
IVogc*tin, I4S 
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Prolactin, 25-1 

Prolificacy, 199-200, 215-216 
Pronephros, 101 
Prophase, 93-94, 367 
Prostate, 102, 121-122 
Protein, 74-75, 12G 
Proterozoic Age, 40 
Protoplasm, 90 
Pseiidoprcgnancy, 226-230 
Psjchology, animal, 180, 186, 258 
Psychozoic Age, 40 
Puberty, 114, 135, 138, 187 
age of, 177 

Purdue Experiment Station, 109—111, 
118, 151, 157, 177 
Purdue University, C64, 703 
Pure lines, 532, 752-753 
Purebred breed associations, 18-20, 479 
formation of, 0, 17, 21 
Purebrcd*cros3brcd comparison, 4C7 
Purebreds, 17-20, 413-414, 453, 459-405, 
470, 746 
cattle, 17-18 

milh production of, 4 
value of, 4-0 
importation of, G 
records of, 14-10 


Qunggas, 431, 457 
Quarter Horse, 21 

Quartile method for indexing bulls, COl 


R 


Rabbits, 22G, 228, 231, 254, 270, 430, 
739-740 

crossbreeding of, 330-311, 340 
lUncc, 307 
Racehorses, 50 


Rats, Bcx ratios in, 448 
white, 428 

necord card, tor dairy herd, 625-020 
for pigs, 677 
for sheep, 687—688 
for sows, 674-675 
Records, 744-747 

of beef cattle, 696, 698-701 
breeding, 233, 244-245 
of dairy cattle, 582-583, 592-596, 598, 
624-633, 636-637 
of female families, 558 
performance, 691, 696-696 
production, 509 

of meat animals, 655-657, 669 » 

C87-689 

Red Dane cattle, 451 
Red Glamorgan cattle, 23 
Red Polled cattle, 703 
Reduction, 435 

Regional Swine Breeding ^'^boratory, 
481, C63-G64, 080-081, 763-754 
Registered animals, 5-0, 17 
number of, table, 7-8 
Regression, 000-607 
Regression Index, 600-613, 619 
Relationship of animals, 90, 488- 
coefticient of, 499-605, 635n 
collateral, 488-493 
direct, 488, 491, 494-495 
Rclaxm, 230-231 
Reproduction, 3, 68, 80, 91, 98, 7 
chronological order of, 170 
and environment, 112, 222-223 
female s part in, 134-171 
forms of, 100-101 

male’s part in, 98-131 
and nutrition, 209-214, 223 
and physiological disturbances, 

222 


Racehorses, 50 222 

Radiation, atomic, and reproduction, 222 Reproductive efficiency, 173-190 
Pfimlvuiillof ahppn. IK RKS J7K filK r^f OfVl 


Ramlioudlct sheep, 15, 353, 472,476,015, 
651, CIS, C82-083, G8G, 092, 694, 755 
Rams, 112, 123, 180-182, 191, 219, 267- 
2f>8, 273, 278 

llanRO lj\extock Expcrimenl Station. 
Miln City, Mont , 175, 4G9, 477, 
573. 751 

Rats. 118. 1 18, 22G, 228, 252, 130 
hoodwl, 41 1-415 
mbrceduig of, 511 


definition of, 200 
influence of ago on, 170-183 
standards of, 173-170 n^-Ofll 

Reproductive failure, causes of, , 

Rcprodiictiie phuiomcna, table of, 
Ileptiles, 70, 88, 101 
Relu testes, 101, lOG 
Rcvrlalion, Percberon Btallioii, 720 
Rcvelex Daisy’s Warrior, Grand Clism 
pion bull, 030 



